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1. Introduction

This report presents the results of a one year research study on the
problem of antenna synthesis. The original goal as outlined in the pro-
posal tl] was to develop ;ﬁalytical and numerical techniques whiéh would
aid in the design of multiple shaped beam antennas. During the course of
the research it was decided to expand thé scope of the project to include
virtually any pattern type in combination with many antenna types. This,
it is hoped, will increase the number of specific antenna design problems

to which this method may be applied.

1.7 The Need'fqr New Approaches

Multiple shaﬁed beam antennas are required for synchronous orbit
satellites involving advanced multi-function communicafions. Anticipated
applications include transfer of information for biomedicine, law enforcement,
adult education, ete. The satellite should be capable of point-to-point
communication between any two points within the continental United States,
This wil} be achieved using mﬁltiple Satell%te antenna beams and a series
of ground terminals. The antenAa main beams must be shaped to give appro-
priate illumination of the ground stations. Also, the side lobe levels must
be low to minimize interference between adjacent beams. These pattern
requirements are quite severe and it is a difficult procedure to find an
antenna which meets the pattern specifications and is suitable for a spacecraft
- environment. The classical approach to ‘determining which antenna system is

most suitable is one of repeated analysis., That is, combining and modifying

"of f-the-shelf" antennas in many ways until an acceptable radiation pattern

is obtained. The antenna System may s8till not be practical because of large

size, narrow bandwidth, ete., When this approach is used for many different



-2-

antenna systems the "paper study" stage becomes very costly. In addition,
when new antenna pattern specifications are introduced another costly "paper
study"” is required.

To further illustrate the magnitude of the problem, a table of some of

the variables that the antenna designer works with is given below.

Radiation Pattern Variables ' Antenna Variables

I. Main Beams I. Shape

A, Number : } A.-Linear
1. Single 1. Linear array
2, Multiple ' 2. Line source

B, Shape , B, Planar |
1. Nominal 1. Planar array
2..Shape : 2. Planar aperture

IT. Side Lobes A II. Size

A. Nominal

B. Low

C. Complex

There is, of course, a large number of possible combinations of pattern
variables and antenna variables. In additiom, there are almost endless

numbers of possibilities within each category and also other possible categories.
The pattern variable categories for this research project are multiple shaped

main beams with complex side lobe structure.

1.2 A Practical Approach to Antenna Synthesis
The synthesis problem may be formulated as follows:~ Given a desired
antenna pattern (which may have multiple shaped beams plus controlled side lobe

structure), we wish to find antenna structures which will approximate the desired

pattern within acceptable limits subject to realizability criteria. Realizability
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is broadly defined as the ability of the antenna to meet the system specificatioms -

of which it is a part, Specificationsiaré often given on the following items:

Ability to form the nehessary number of main beams.
Isolation levels between beams.

Polarization control.

Power handling capabilit&.
Center frequency of'operation..
Bandwidth |

Efficiency

Size

Weight

Reliability

'
f

Pattern control (scanning and beam reshaping'for changing user needs).

For satellite systems the specifications on the above items are frequently very

demanding. Thus, the antenna designer lists all possible antenna systems which

are capable of meeting the specifications. This is indeed the way one must

face the problem, The next step is one of determining the design details of

how one excites the antenna system In order to obtain an acceptable approxi-

mation to the desired pattern, This is classicélly done bj cut-and-try analysis.

Many excitations are studied on paper or in the lab until the pattern is found

or the money runs out. It is proposed here that a true synthesis (as contrasted

to cut—-and-try analysis) approaéh be explored. In other words, given the

antenna type to be used (as determined from the realizability criteria) and

the desired antenna pattern, determine an excitation which approximates the

pattern within acceptablé limits, This 1is done for each candidate antenna

type. A general synthesis procedure capable of handling many antenna types

would allow the designer to synthesize a pattern once for each antenna type

instead of using a lengthy and costly cut-and-try analysis for each one, The
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final stage is then one of détermining which antenna type does the best job
of meeting pattern and system specifications,

The antenna design problem is then described in three stages:

1. Listing the antenna types which possibly can meet system

specifications,
2. Determining the excitation of each antenna type required to meet
the pattern requirements.

3. Singling out the one "best" antenna system.
The first two stages are frequently blended together, but ideally they should
be distinect in order to avoid missing some candidate antemna types. The first
and last stages are dependent upon the anfenna;designer's experience and
judgment, The second stage is dependent upomn a& accurate mathematical
antenna model (experimental design is ruled out for cost reasons) and available
design techniques. This project provides a general synthesié technique as a
design tool, thus eliminating the cut-and-try analysis approach. Its success
in terms of practical application hinges on the availability of an accurate
antenna model. In other wﬁrds, once an excitation is determined by the
synthesis method for a given antenna type and given pattern, how does one
translate this into hardware?A As will be explained later in this report there
are several points in the synthesis method where hardware constraints can be

inserted into the solution,

1.3 Scope of the Regearch
This report presents the results of research into the problem of finding
an excitation of a given antemma such that the desired radiation pattern is
approximated to within acceptable limits. This is to be done in such a fashion
that boundary conditions involving nardware limitations may be inserted into

the problem. The intended dpplication is synthesis of multiple shaped beam

i
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antennas. Since this is perhaps the most difficult synthesis problem an
antenna engineer isrlikely to encounter, the approach taken gas‘to include

as a by-product capability for synthesizing simplier patterns. The synthesis
technique has been almost totally computerized. The computer program and its
use are described in detail elsewhere in this report.

The class of antennas which may be synthesized with the computer program
are those which may be repfesented as planar (continuous or discrete) current
distributions. The technique is not limited in this sense and coﬁld indeed
be extended to inélude, for example, the synthesis'of conformal arrays or
cprrent distributions on the surface of reflectors, The antenna types which

the program is set up to synthesize are the following:

Continuouz Aperture Sources Arrays
Line source Linear Array
Rectangular Aperture Rectangulér Array
Circular Aperture Arbitrary ﬁlanar Array

Pattern specifications can be virtually anything-any number of main beams, any
main beam shape, or any side lobe structure. Many examples are included in

this report for illustration,



2. Mathematical Modeling of ‘Antennas

An antenna can be synthesized by totally theoretical means only if an
accurate mathematical model is available initially, It is the purpose of

~ this chapter to summarize how one can approximately represent an antemna,

2.1 Equivalent Currents
‘ [
It is often convenient to use equivalent currents to obtain the radiation
fields from an antenna. Suppose the source antenna is entirely enclosed by
N R
a closed surface S. Let E; and H; be the values of the electric and magnetic

field intensities on the surface S. The fields exterior to § can be found

by using the equivalent electric and magnetic surface current sources:

LN - > )

JS = nx H1 : (2-1)
— ~ - ’

Jys = - R EE | (2-2)

where n is the outward normal to S. The actual sources are replaced by these

!
equivalent sources acting in frée space, The equivalent sources produce
exactly the same fields external to 5 as the original gsources, The fields

internal to S produced by currents givén by (2-1) and (2-2) are zero. The
: 2 Y
fields exterior to S may be found using equivalent sources JS and Jyg in one

of the following ways:

|
> S
1) Use JS and Jyg over 5

_, o
2) Use Jg over S with § a perfectly magnetic conducting surface

12

3) Use Jyg over S with 8 a perfectly conducting surface

!
' i

Any one of these three equivalent‘source configurations can be used. The



first has the disadvantage of having two sources. The second and third con-
figurations require that calculations must be made for the source in the
presence of a conductor.

If the egquivalent surface S8 is now a plane surface (closed at infinity

such that actual sources are inside), calculations are simplified. Let 5
be the z = 0 plane and suppose the actual sources are on the left (z < 0).
The surface normal is them n = z. The simplification arises from the fact
that in methods 2) and 3) the theory of images may now be employed to replace
a current (electric or mﬁgnetic) immediately in front of a conductor {(magnetic
or electric) by a current of double its value acting in free space. Of
course, image theory gives us the correct answer only for z > d.
Using only currerits acting in freé space we may now use potential integral
formulations to calculate the radiation. The electric and magnetic vector

potentials for far field calculations are [2]

=jkr Ll 2y

Y = € T (p?) LKLY gt

Alr) = Mo “Frr JJ Js(r ) e dx'dy {(2=-3)
V _jkr a 'kﬂ."‘ |

.KM(r) =€ Ez;;— JJ JMS(r') eI¥T T dx'dy! (2-4)

- - Al
where ' = x'x + y'y and the coordinate system is shown below




=

The currents are doubled for cases 2) and 3).

2,2 Representing Antennas as Finite Apertures

An exact solution for z > 0 is obtained if the actual fields over the
whole z = 0 plane is ust in (2-1) and (2-2). Also, all three formylations
of Section 2.1 give the same result. In many cases the fields E aﬁd H,
over a specific aperture in the z = 0 plane are known or can be approximated
well., The fields in the z = 0 plane and outside of the aperture are assumed
to be zero. This 1s an assumption but 1s usually a necegsary one to obtain
a solution. Examples of antennas for which this aperture concept is useful
are the horn, lens, and reflector antennas. The three equivalent current
formulations now p:bvide approximate solutions which in general do not agree
' with each other [2]. However, the wmain features of the radiation pattern
are usually unaffected by these approximations.

The approximate equivalent currents over the apefture are

. } ~ - '

Jg =z xH, | . (2-5)
- a” I

Jyg = - 2 X Ea _ {2-6)

The expressions for the fields in the far-field region of the aperture are

R A L | (2-7)

By = ~Jwdy + IN, Ayg ' (2-8)

=
]

where n_ = Vuoleo and the magnetic fields are found using the plane wave

relation

~

> -
H=r1x EMn ‘ (2-9)



As an example suppose we use only a magnetic current and the aperture

electric field is y-directed. Then

and

il
1}
[

MS MSx * T %X an y = B X

€ : R
Avg = z%;— e Jkr J_J 2 E eIkrT dx'dy'
aperture 7

where the factor of 2 is necessary from image theory. Now

So

And

A

So

[

2nr

o)

e

/]

AMB cos 8 cos ¢ AMx

g

= = gin ¢ AM# p

Bg = dung Ay
= +ijun, sin ¢ AMx
By = 31, Ay

= jn, cos B cos ¢ Avix

: a
aperture Y.

: —jkr
By = sin g ¥
Y

. .ke-jkr ‘
=2 cos § cos ¢ F

) 279t 7

éjk(x' sin 8 cos ¢ + y' sin & sin ¢)dx

ay

aperture

- . ] [ ] .
jkr J J B e;k(x sin 8 cos ¢ + ¥' sin B sin ¢)d

'dy.

(2-10)

(2-11)

(2-12)

(2-13)

(2-14)

{2-15)

x'dyf (2-16)

(2-17)

(2-18)

. (2-19)
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If there is an x-directed component of the aperture electric field the

far-field -expressions become
E. = JEE-———‘(FY sin § + Fx cos ¢) ' (2-20)
- Jke _ ' - -
E —5— cos 8 (Fy cos ¢ Fx sin ¢) (2=21)

If an equivalent_electqic current is used instead of a magnetic current,

equations are obtained which are duals of those above:

‘ jknoe-jkr

E8 =.f—m3;;——— cos @ (Fy cos ¢ - Fx sin ¢) (2-22)
-jkn Oe”j kr

E¢ =-—~—5;;————‘(Fy sin ¢ + Fx cos ¢) - (2-23)

where

- - ] 1 +i| -
o= JJ H, x',y") eJk(x gin 8 cos ¢ + v' sin 6 sin ¢) dx'dy" (2-24)

If both electric and ﬁagnetic current sources are used a combination of the
precéding results is obtained [2]. This approach is not used very often
because a knowledge of both aperture fields is required and the resulting
number of calculations-r&quired. |

These sclutions ére exact if a complete knowledge of the fields over the
entire aperture plane is available. This is uéually never possible, In fact,
some assumption about the aperture fields is made in addition to the assumption
that the fields are zero outside the aperture, If the aperture is connected
to an infinite plane perfect con@uctor the formulation using magnetic icurrent

- .

only is exact within the limits of a knowledge of the tangential electric
field over the aperture. This is true because the tangential electric field

is zero over the perfect conductor and thus the equivalent magnetic current

is also.”
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'

As a first approximation te the aperture fields fréquently the so-called

physical optics approximation is used. It assumes that the aperture fields

ére those incident upon it: from the actual source. For examp}e, the physical-

optics fields in the aperture (or mouth) of a horn antenna are those of the

waveguide fegd [&4]. ,
Frequently aperture anﬁennas are not used, but rather one wishes to

relate directly to a source current. 'In this case'jg is an actual current

and its Fourier_transform‘z in (2-3) is used in the far-field expression

(2-7). So quantitatively there is little difference from actual and equivalent

current problems, The actual currents may be used in array antenna solutions.

If a current distribution can be expresséd as follows
- - ) ~
Jg = X gy (x') Jg . (y') + ¥ Jgy (x") Jg (y')‘ (2-25)

it is referred to as being seEarablef In this case the two-dimensional Fourier

transform, see.(2-19) separatés into two one-dimensional transfoyms. Thus

each transform is that corresponding to a line séurce and the toéal pattern

is the product of the patferns of-two iine sources. Most practical rectangular

sources have separable distributions [3]. Thus, the aperture fields‘ﬁa ané

-

Ha are usually separate and render the two-dimensional integrals of (2-19) and

(2-24) a product of one~dimensional integrals.

2.3 Vector Radiation Fields
In the radiapion field (or far-field) the;waves are Eocally plane and
may be completely described by 6 and ¢ components (for an antenna at the
origin of a spherical coordinate system). There are alsv two field component s

in the aperture which give rise to the radiation flelds. It is convenient
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to describe the radiation fields in spherical coordinates and the aperture
fields in Cartesian coordinates. Thils complicates the relationship between.
aperture and radiation fields, It is the purpose of this section to discuss
this point.

If one uses the aperture electric field formulation the radiation fields

are found from (2-20) and (2-21), which are rewritten below as

By = E(r) [cos ¢ F, + sin ¢ F] | | (2-26)
E¢ = E(r) [~ cos 8 sin ¢ F# + cos 8 cos ¢ Fy] (2-27)
where J
—'.kr H
_ ke _
E(r) I (2-28)

This can be cast in a matrix form

Ee(9’¢) i Goy Gey F_
(2-29)
E
¢(e,¢) G¢x G¢y Fy
where
Bg(8,0) = Eg/E(x)
(2-30)
E¢(8,¢) = E¢/E(r)
and
Gex = cos:¢ , ’ GBy = Si2‘¢
' _ (2-31)
G¢x = - cos 0 sin ¢ ’ GBy = cos 8 cos ¢

In still more compact form (2-29) becomes

[E] = [G][F] | ' (2-32)
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1

This formulation is particularly convenient for synthesis problems. If
a certain desired electric feild behavioer [E] is known, then the corresponding

desired [F] is found from the solution of (2~-32):

!

[F] = [¢] 1[E] (2-33)

The determinant of [G] is éos_B. The inverse of [G] then exists except for
8 = n/2, This is equivalent to radiation in the plane of the source and can
be avoided. Fo and Fy are related to the corresponding aperture field com-~

ponents Eax and an by Fourier transforms

FX(B’¢) =/ f Eax(xlsy.')ejk(Xt gin © cos ¢ + y' sin 6 sin ¢)dx'dy' (2-34)

1]

k(x' sin 8 cos ¢ + y' sin 6 sin Py rg0r (535

Fy(8,¢) rJ an(x , vy e

from (2-19). The synthesis problem for vector fields is thus reduced to
synthesizing F# and FY using (2-34) and (2-35). Since F_ depends only on

the vector problem reduces to two scalar

E  and FY depends only on

E,ys
problems,

If the aperture'fiqlds used are 'magnetic fields (or electric currents)
the electric fields in (2-34) and (2-35) are replaced by magnetic fields (or

electric surface currents). Then [G] becomes

cos 0 cos ¢ - cos O sin ¢

(e] = (2-36)

- sin ¢ - cos ¢

from (2-22) and (2-23).

The element pattern matrix [G] may also be used to absorb element patterns
of array antennas., Suppose that the principle of pattern multiplication can

be used. Then
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F o=/ /1 (x',y") XY gyrgy J (2-37)

where we let

o =x' 8in ® cos ¢ + y' sin 8 sin ¢ {2-38)
becomes ;
P
Fe 7 G% mil Lam ejg“m = Gy Farx | (2-39)
where
ap ; xm' sin & cos ¢ f ym' sin 0 sin ¢ : (2740)

and (xm',ym') are the element phase center locations. Similarly

P jkam
F =6 L I e’ =G F (2-41
y Y =1 YW y ary )
These element factors may be combined into [G] giving
cos O cos ¢ Gx - cos B sin ¢ G
[c,.] = - 7 (2-42)
- sin ¢ G, - ~ cos ¢ Gy
The antenna equation (2-32) for the array problem becomes
(] = ¢, ] [F,,] (2-43)
where the {Far} entries are the array factors
P - jkam P jkam
F = £ I e F = I I e (2-44)
arx oy X 2 ary .1 ym
Example - A linear array of parallel short dipoles along the x-axis.
Since the current is y-directed we have
F_=0 . (2-45)

F =G F : -
y | o | (2-46)
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The short dipole pattern ié

G = sin B (2-47)
¥y .

where B is the spherical polar angle from the y-axis. But cos B = sin 8 sin ¢

50

G, = /A - (sin g sin 92 S (2-48)
Now

- jkjam )
F =5 I e (2~-49)
ary ym i
where
— v V -
o = x "' sin 6 cos ¢ ‘ (2-50)

since ym‘ = 0,

2.4 Antemna Hardware Parameter Control

A mathematical model of an antenga is useful in design work when the
parameter being varied in the model can be translated inﬁo hardware. In the
syﬁthesis problem we end up with an aperture distribﬁtion which will produce
the desired radiation pattern. Suppose é circular aperture distribution h;s
been synthesized. Then one must find, for example, a feéd system for a re-
flector antenna which will produce the required field distribution over the
aperture, Thus synthesis techniﬁues are useful for a particular antenna only
if its excitation.is controllable in a known way. If hardware parameters

(such as feed antenna size and position) are mathematical related to the

aperture excitation, they‘may alse be included in the antenna mathematical
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model. The synthesis procedure then goes from pattern specification to hard-
ware parameter output. Indéed, not many antennas are suited to this at this
point in time. However, the synthekis technique presented in this‘report is
capable accommodating several hardware limitations a priori.

Array antennas appear to be the most readily adaptable to synthesis,
After specifying the desired radiation pattérn, element positions, and
element pattern, one obtains the required terminal currents from the synthesis
technique. For a few antenna érrays the mutual coupling (or impedance) matrix
is available. The required terminal voltages for each element may then be

:
. ‘ |
found as follows

[v] = [z](1} | (2-51)
where
Fvl _ .
[Vl =} Vv,| = terminal voltage matrix (computed from (2-51))
,Il- _
[1] = I = terminal current matrix (found by synthesis)
2 ‘
B
’zll Zip e
[Z] = 7 = mutual impedance matrix (known from
- 2L calculations or experiment)
i
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3. The Iterative Sampling Method for Planar Sources

3.1 History of the Iterative Sampling Method

The iterative sampliﬁé method haé been used previously for shaping the
main beam [5,6] and controlling the side lobes [5,7,8,9] of line sources
and uniformly spaced linear arrays. In this gsection the theofy is extended
to include any type of planar source., The method is applied to patterns
which have multiﬁle main beams that are shaped and also have controlled side
lobe levels.

Maﬁy'methods are available for synthesis of radiatibn patterns usingF
one-dimensional sources. Although proponents of most of these methods
usually claim that it is a simple matter to extend their methed to two
dimensions, it is, in fact, rarely simple [10]. This is‘suppérted by the
fact that it is almost never done. The iterative sampling, on the other
hand, has been extended to two dimensions.

The iterative sampling method allows one to suppress side lobes to fery
low levels over certain regions whiie relaxing the side lobe requirements
for other regions. When applied to the multiplé—beam problem for time-zone

|
coverage, beam cutoff and low side lobes would be specified for Canadian
coverage, while side lobe gpecifications above the horizon wodld be relaxed.

Using this iterative technique the designer has the option of examining
the metamorphosis of pattern change {and corresponding source change) as it
approaches the desired form. Thus many patterns and their corresponding
sourcé currents may be examined, The pattern which approximateé the desired

pattern to just within the specifications will have the least complicated
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source current distribution. The iterative sampling method provides such a
desgign.

Another interesting feature of Fhis design approach is the possibility
of using a measured pattern from an existing (or prototype) antenna system
as a starting point. Then calculations can be made to reveal what changes

in the source are required to make specified corrections in the pattern,

3.2 Pattern Evaluation - What ig an Acceptable Pattern?

Patterns can be evaluated using one or more of several criteria. Examples
are side lobe level, beam width, rate of cut-off from main beam, wean squared
error (between aétual and desired patterﬁ), etc. Different synthesis methods
provide patterns which perform well with respect to one of these criteria.
For complex patterns involvi;g multiple beams, ;haped beams, and/or varying
side lobe structure; the criteria ﬁentioned above are inadequate, The most
flexible means of pattern evaluation is that using upper and lower bounds.

In other words, ocne specifies at any or all points of the radiation pattern
how much the synthesized pattern can rise above and/or fall below the desired
pattern. Thus, the designer specifies a desired pattern plus an upper and
lover tolerance, |

The tolerance method of evaluating a synthesizéd pattern allows one to
shape a main beam to within}a fraction of a dB of the desired pattern. At
the same time the side lobe region can have an upper tolerance of say 1 dB
over critical portions and several dB over other regions; the lower tolerance

1s usually unspecified in the side lobe reglon because side lobes can fall

anywhere below the desaired level and be acceptable. It has been shown that
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this means of pattern specification together with the iterative sampling
method will yield synthesized patterns which include essentially all of the
classical patterns which optimize only one parameter (such as side lobe level,

main beam cut-off, etc.)}. [6]

3.3_ The Integral Equation

The 6§ and ¢ components of the eleectric field are desired to be of a
certain relative level as a function of 8 and ¢, The desired Ee(e,¢) and
E¢(8,¢) are converted into desired F#(B,¢) and Fy(G,#) using (2-33). Tge
synthesis problem is to find the aperture fields Eax(x',y') and an(x',y')
which produce sufficiently accurate approximations to the desired Fx(8,¢) and
Fy(8,¢), respectively. ihis amounts to solving the integral equations (2-34)
and (2-35)., Since these two equations are identical in form we will drop

subscripts which refer to polarization, while remembering that two polariéations

(alone or together) are possible. The inteéral equation which we wish to solve

is then
) L + ]
F(u,v) = J [ B (xlyy') XYY gxrgy (3-1)
aperture
where
u=sin 6 cos ¢ (3-2)
v = sin B sin ¢. ‘ (3-3)

Ea and F may correspond to either component (x or y) of the aperture field.
Define normalized coordinate variables
8 = x'/A

(3-4)
= y'/x

ct
I

and source function
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AzEa(x',y') over the aperture
£(s,t) = . ' (3-5)
0 elsewhere

Substituting (3-4) and (3-5) into (3-1) gives
F(u,v) = J J £(s,t) 32T+ V) 44 (3-6)

This integral extends over the whole st-plane and is recognized as a two-
dimensional Fourier transform., The analysis problem is straightforward.

Given an aperture distribution f we can calculate F from (3-6) by integration.
The synthesis problem, however, is very difficult. Suppose we are given a
desired pattern Fd(u,v), which can be found from a desired electric field

using (2-33). We wish to find an f (which is aperture-limited) giving an

F which approximates F, in some sbécified manner.

3.4 Mathematica;'Development of the Method
The iterative sampling method will be employed to find an aﬁerture dis~
tribution which gives a pﬁttern that approximates the desired pattern within
acceptable limits as specified by ﬁpper and lower tolerances, The iterative
procedure begins with an original pattern F(o).(u,v) and its corresponding

(o)

source distribution f (s,t). The source is initially of a certain type,

e.g. line source, rectangular aperture, linear array, etc. It also has fixed
dimensions in terms of a wavelength. These initial parameters are determined
by the designer as discussed in Chapter 1. The original excitation f(o) (s,t)
of the antenna is one which gi@es a rough approximation F(o) (u,v) to the
desired pattern Fd {u,v). It can be found from any classical synthesis method,‘

such as the Woodward-Lawson sampling method, or it can be an experimentally

obtained pattern.
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A series of corrections is added to the original pattern giving

K
(u,v) + £ APF
i=]

i)

p (K) (0) (1)

(u,v) = F (u,v) 3-7)

K is the number of iterations and A F( is the ith iteration correction to
the pattern. In general, each iteration is composed of a weighted sum of

corrections as

(1) (1)

A F(i) (u,v) = I a 1) G(u—un » V-V ) (3-8)
n

n

where G(u—un(l), v-vn(l)) is a correction pattern centered at (un(l), vn(l))
and having a value of unity there. The-{an(l)} are weighting coefficients
determined sﬁch that the current pattern is forced to equal the desired pat-

tern at the correction point as follows

a P =¥, (un(i);'vn(i)) _ - (uH(i),vn(i)) (3-9)

In other words, at Fhe point (un(i),v“(i)) the amount an(i) is added to the
(i—l)th iteration pattern to obtain the desired pattern value at that point,
The pattern is, of course, also changed at other points, If several cor-
rections are applied in a given iteration of (3-8) the pattern will equal the
desired pattern at the sample points only if the samples are uncorrelated.
However, if the sample points are relatively far apart the correlation between
samples can be very low. For a given iteratlon there are usually only a few
corrections, frequently positioned to maintain symmetry. Thus if one abandouns
the idea that samples must be completely uncorrelated and replaces it with

the concept that they should not be strongly correlated, the method is much
more powerful and flexible, Also since the type of correction function is

not based upon satisfying the property of being uncorrelated, the designer

can choose one that is convenient.
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For a given iteration then we have forced the pattern to be very close
(exactly equal if only one correction is uéed) to the desired pattern at the
sample points. The entire pattern is then recomputed and new corrections are
evaluated using (3~9). It has been found that the position of the samples
(un(i),vn(i)) which 18 most sultable is the location where the (i-l)th iteration
pattern exceeds the tolerance by the greatest amount, Using this scheme the
number of gamples is determined by the symmetry of the problem (if there is
N0 symmetry only one correction is applied per iteration). In this fashion
the largest corrections are applied first and the process tends toward con-
vergence. If the desired pattern specifications are too severe the iteration
procedure will converge to a certaln point and then oscillate. This is not
a limitation of the method. It 1is rather a fundamental limitation. If a well-
behaved correction pattern G (eﬁamples are given in the next section) is used,
superdirective patterns will never Be synthesized, Superdirectivé patterns
are to be avoided because of the accompanying complications of the source
distribution., TFor example, a small aperture is not capable of producing pat-
terns with an extremely sharp cut—off from the main beam unless superdirective
conditions are allowed. Using well-behaved correction functions the iterative
sampling method will not converge to a sharp cut-off desired pattern with tight
tolerances, In cases where the desired result has not been obtained one can’
either use the final pattern és an approximation or start the iteration process
over again using a relaxed version of the pattern specifications.

Corresponding to each correction pattern there is a current correction
g (1) (s,t) related to it as follows:

n

,(Zmsu + 27tv)
G(u—un(i),V*vn(i)) = J J gn(i) (s,t) e’ ds dt (3-10)

aperture
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The source distribution corresponding to the pattern of (3-7) is

N
£ 60 =£9 @)+ 2 2D (5,0 (3-11)
i=1
where
2 e g0 =52 g @ 0 (3-12)

n

(x)

The pattern F (u,v) and source f(K) (s,t) are a Fourier transform pair, see
(3-6). However, the only transform that has to be calculated is (3-10); all
other patterns and sources are found by summing up the elementary pattern and

source corrections, G and g. This simplifies the required calculations greatly,

If the source is a planar array of isotropic point sources, we have

£ g,0) =z 11X s(ss,, t-t ) (3-13)
L m
£ m im
where & is the dirac delta function and Iéi) are the currents for the %m element

of the array. If the array elements are not isotropic the actual pattern is

the array-element pattern times F (u,v) as discussed in Section 2.3. Let

(1)

&n

(s,0) =z gD §(sms,, t-t ) | (3-14)

2 m nim

for arrays., Then (3-10) becomes

(1) (1) 2w(s£u + tmv)

G(u—un > V=V, } =1 ¢ géii ej {3-15)

For arrays substitute (3-14) into (3-12) giving

i i
p £ (s,1) = : an( ) 3 gii; $(a-a,, t-t ) (3-16)
and let
(1} _ (i)
A f {s,t) = iiA Izm 6(s-s£, t—tm) (3-17)

So
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1) _ i) (@) -
A Igm = i a_ g, . (3-18)
and
K _ -0 . X )
Ilm = Izm + 151 AIm (3-19)

3.5 Common Antenna Types

In this section several common source types will be discussed. Correction
functions G and g are also suggested. There are many possible functions, that
one mnay use; including those obtained experimentally. Presented here are those
functions which have been found to be applicable to many synthesis problems,
are easily handled in the computer program, and which do not give superdirective
patterns, The only Fourier Transform which must be performed in this method
that of (3-10)., Since the synthesis problem as formulated here is linear we
can use the eleméntary functions as expansion functions to determine complex

pattern and source functions (see'(B-B) and (3-7), and (3-12) and (3-11)),

3.5.1 Line Sources
The simplest line source is the uniformly illuminated one. A linear phase

taper across the source is included to position the pattern maximum at, say,

v (l). The source correction function is
" L -1 exp (-j2nv (i)t) |tl' < L
W yr  SXRITIATV, = “yaf2
g, (t) = (3~-20)
0 elsewhere

where the line source has been pogitioned on the y-axis and is of length LyA
wavelengths. The corresponding correction pattern is

(1)
(i)) - sin.[LYA(v-—vn Yu)
Dye

(3-21)

Lﬁ(v—vn

This is the so-called sin x/x pattern,
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An excitation which gives no edge 1llumination is the triangular line
source. Its pattern has lower side lobes but larger beam width than the uni-

form line source pattern. The excitation function is

-1 (i)
\ L (1 - 2|t|/L ) exp (-j2rmv t) |t| <L
g B w =47 2 " M2 (3-92)

0 elsewhere
The corresponding pattern found from (3-10) is

2
: (i)

\ sin [L, (v-v /2]
¢ (v-vn(l)) = YA o (3-23)

Loy (v-vn(i))w/2

3.5.2 Linear Array

The uniformly illuminated, linear phase, equally spaced linear array has

currents

am (3-24)

g SO %-exp (—ijVn(i) tm)

where'tm are the positions of the elements and equal mdy and P is the total

A
number of elements, The corresponding pattern is

(1)

W, _ sin [P(v-v_ N

G (u—un (3-25)

P sin [(v—vn(i))ﬂdykl

3.5.3 Rectangular Aperture

The uniformly illuminated, linear phase, rectangular aperture has

excitation function

-1 |5| < L

) Lxh Ly;l exp (-jZW(un(i)s + vn(i)t)) — TEM/2
g,  (st) =g ' el <100 (3-26)
0 elsewhere
The pattern is
: (1) (1)
G (u—un(i), v—vn(i)) = Sin[L“*(u(:? Jrl st [Lyl(v(z§ i (3-27)
;xk(“"“n In Lﬁ(v-vn I
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3.5.4 Rectangular Array
Consider a planar array which has equally spaced elements in the two
principal directions., There are Px and Py numbers of elements along the x
and y directions and interelement spacings of dki and dyi wavelengths in the

x and y directions. The element currents are

gngm(i) =V§T%%'EXP [-jzr(un(i)sl + vn(i)tm)] (3-28)
X v 7
The pattern is
¢ tumn, @D, vy By

(1)

sin [Px(u-un )ﬂdxA] sin [Py(v-vn(i})ndyl]

(3-29)
P sin [(u—un(i))ndikl Pi sin [(v—vn(i))wdykl

3.5.5 Circular Aperture
Consider a uniform amplitude, linear phase, circular source a radius 2,

wavelengths., The source function is

(1)

+ t vn(i)] Vsz + t2 < ay (3~-30)

g (i)(s,t) =L 7 exp [-j2n(s u
n “ai n

. The pattern for this source is, of course, found from (3-10). Since the details
of this calculation have not been located in the literature, its details will
be included here, First, it is more convenient to use cylindrical rather than

rectangular coordinates to describe the source. Then we can write {3-30) as

1 (e

1e"

&n
(1)

=2 7 €Xp [-jani(cos o' u + sin ¢°' vn(i))]

'n'a;\

< a, (3-31)

-

The integral (3-10) over the source (3~31) is
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G (u—un(i), v~vn(i))

2m
a
N J J ' lz exp {J Zmp, [(u—.un(i)) cos ¢’
oo T2y _
+ v 1y 510 471} of dot dg? (3-32)
n A A
2w
1 a)t ] ] t T ]
= 5 exp [j 2WDA Ccos (¢ - 4%)] Py dpk do (3-31
ﬂaA oo
where ) ) 1/2 |
(1) (1)
C= [(u-un ) + (v-vn ) ] (3-34)
_1 (1)
a = tan = ——De (3-35)
v=v (1) ‘
n
Now (3-33) is easily integrated as
a
A
G (u—un(i), v—vn(i)) = —EE§~ J JO(priC) pi dpi (3-37)
Ta - : ' :
by o
J, (2ma.C)
1 A
If u (1) = v (1) = () we have
n n
J1(2-rraA sin 6)
Gn (u,v) = 2 27a, sin 8 (3-39)

A

which 1s the pattern of a uniform amplitude, zero phase, circular source, [4]

(1) (1)

Also note that when u = u

L and v = Vi
(1)

» C = 0 and (3-38) becomes unity.

Thus (un R vn(i)) 1s the pattern maximum,

3.5.6 Arbitrary Planar Array

There is a large class of antenna arrays which are not included in the

previously mentioned linear and rectangular arrays. For example, the so~called
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triangular array whose elements are spaced such that the fundamental lattice
shape is a triangle. [11] This array provides a pattern similar to an equal
size rectangular array but uses fewer elements, Also nonuniformly spaced
arrays have applications, If the correction source is that of a uniform
amplitude; linear phase array.thé pattern from (3-15) is

M

L exp {j2r [sm(u--un
m=0

(1) 1)

G (u—un ,» V=V ) =

1) (1)

L

21} (3-40)

+ -
) tm(v v,

There are M elements located at positions (sm,tm) in the s,t plane.
3.6 Calculation of Directivity

The radiation pattern has been deséribed for convenience in terms of the
variables u and v instead of © and ¢. This section discusses a few problems
encountered when one wishes to calculate the directivity. The difference in
the directivity between the original pattern and the final pattern (after
iteration process is completed) is the gain loss, This number is usually
small and may be positive or negative.

A derivation of the directivity expression using u and v coordinates has
not been located in the literature, so its details are included here. The

directivity is calculated as follows

D = — (3—41.)
5
The beam solid angle QA is given by
2 w 2
R, =17 |Fe,¢)| ao (3-42)
o0

where |F(8,4)| is the field pattern normalized such that its maximum value

is 1.0 and

dQ = sin €& d6 d¢ (3-43)
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It is frequently convenient to transform from the 6,¢ space to the u,v plane

using

sin 98 cos ¢

/
=
it

; (3-44)
sin 8 sin ¢

<
]

We are collapsing the spherical surface described by 6,$ onto a planar surface
Ehrough its equator giving a circular disk. There is an ambiquity here because
points on the upper hemisphere (6 > 7/2) project-onto the top of the u,v disk
and points on the lower hemisphere map onto the bottom of the u,v disk. Tf

we confine ourselves to only the upper hemisphere the transformation is one-
to-one, In effect we modify (3-42) as

2m w/2

2
Q =r J |F(e,¢)] an (3-45)
Q o]

This is assumed to contaln most of the radiation. Back lobes are ignored if
"the antenna is in free space. 1If the antenna is backed by an infinite ground
plane there are no back lobes and the formulation is exact (if F(6,¢) is exact),

The problem is to evaluate 2, using F(u,v). This may be done in two ways.

First, consider the projection of d2 onto the u,v plane; it is

du dv = cos 8 df (3-46)
s0
dy dv
daa = con b (3-47)

But from (3-44)

cog 8 = V] - u2 - v2 (3-48)
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B8O

vl - u2 - v2

Thus (3-45) becomes

2 du d
Q, =/ 5 |FQu,v)] L2V (3-50)
A9 9

u+v <l ‘ /1 - u2 - vz
This result could also be obtained by a formal mathematical transformation

of (3-45) as follows

2
2=/ J  |F(u,v)| sin 6 J du dv (3-51)
uz-f‘vzil
where J is the Jacobian given by
_0(8,9) _ _ 1
MY I B () (3-52)
3(0,¢)
and
du  3u
90 da¢
9 {u,v)
fAu,v)
3(8,%)
v v
Y
cos O cos ¢ ~ sin 6 sin ¢
cos 9 sin ¢ sin 8 cos ¢
= cos 0 sin © . (3-53)
So
o s du dv
sin © J du dv = sin o5 6 sin ©
du d
= QU GOV (3-54)

¥l ~ u2 - vz

using (3-48). Substituting (3-54) into (3-51) gives the previous result (3-50).
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Example: An isotropic antenna
1.0 0 <06 <mf2
F(0,4) =
0 B > n/2

Using (3-45) .
2% nf?
ﬂA = é d¢ é sin 6 d6 = 27

Then (3-41) gives the directivity as D = 2, Also

F(u,v) = 1,0 u2+v2 <1
Using (3-50)
a, =5 5 —22L du dv
/. 2 2
1« (%)
Let r2 = u2+v2 then
2n 1 1
QA =[ [ ————r dr da
0 0 ﬁ__ f2
27 1 .
=J daf x /2 - %) = 27
0] 0 :

where X = 1 ~ r2. Again D = 2, The directivity for an isotropic antenna is
2 because one hemisphere has been neglected. We could define D as ZH/QA and

obtain unity directivity for this isotropic antenna.
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: 4. Exauples of Cgmguter'Antenna Synthesis

The theory of chapter 3 has been compuﬁer pfograﬁmed as the
ANTSYN prograﬁ and is discussed in detail in chapter 6. After an
antenna synthesis problem has been solved using ANTSYN the results cén
be displayed using the ANTDATA program presented in chapter 7. The
reader who intends on using thgse programs is referred to the appendices,
In this chapter the results of several examples using the computer
programs are preéented. The examples éivén are only‘a small fraction of
the number of antenna and pattefn types which tﬁe method can handle. The
important point to observe is that a wide variety of antenna shapes

and pattern shapes can be synthesized using a single computer technique.

4.1 Common Antenna Tﬁpes

In this section several simple antenné configurafions are
obtained from the computer programs.‘ They are the patterns of the six
correction functions discussed in seption 3.5 and used in Subprogram PAT
of the ANTSYN and ANTDATA programs. lThese patterns are examined for
two reasons. First it serves as a program check. Many parameters are
known about these patterns and can be compéred to those obtained from
the computer generated patterns to determine accuracy levels. Second,
pattern plots of the correction functions provide a reference for
visualizing synthesis capability of complex pattern éhapes.

The first example 1s that of a uniform amplitude, uniform
phase, line source, The length was chosen to be ten wavelengths, All of
these patterns will change with changing antenna size, however the

beam widths change in almost an inverse linear way with aperture size.
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The.side lobe levels do not depend on aperture sige. In Fig; 4.1 is
shown the pattern for this line sdurce. (Aperture amplitude and phase
distributions will be presented only when they are nonuniform.) This

is the typiqai sin x/x pattern. 'Tﬁe linear array version of this pattern
is ‘shown in Fig. 4.2 - that of a 21 element, half-wavelength spaced,

uniform amplitude, uniform phase, linear array.

A line_sourée with a triaﬁgular amﬁlitude taper and uniform
phase is shown in Fig. 4.3, Its pattern is plotted in Fig. 4.4. Note
its increased beam width and reduced sidg lobes feaitive to the uniform
amplitude line source. | |

Next consider a rectangular apertufe. For variety choose a
size of 10A by 201. When excited with uniform amplitude and phase
it has a pattern giﬁen 5y_(3-27). The prin;;pal plane patterns are
shown in Figs. 4.5 and 4,6, They are indentical to patterns froé_line;
sources of the same length, e.g. Figs. 4.1 and 4.5 are the same. In
Fig. 4.7 is shown a.contour map of the pattern, which includes the
visible region of the uv - plaﬁe. The contour levels are 0.,-5;,
-10.5...., —40. dB. The contour levels may bé distinguished by
examining the profiles. Also the -35 and -40 dB contours are plotted
as dashed (looking almost dotted) lines. The square region shown
was divided into a grid of 151 by 151 points for plotting this figure.
An excellent way to present two dimenéiunal patterns is through the
use of Fig. 4.8 which gives a three dimensional effect and provides
a good feel for the pattern throughout the visible region.

Thé patterns of a uniformly excited rectangulér array have been
omitted because of their similarity to the continuous aperture patterns

for element spacings of a half wavelength or less.
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PATTERY &7 U= 0000

Figure 4.1 Pattern of a uniform amplitude, uniform
phase, ten wavelength line source,

G

PATTERN 8 U= 0000

Figure 4,2 Pattern of a uniform amplitude, uniform phase,
half-wavelength spaced, 21 element, linear array,
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Synthesis capability is provided for circular aperture by inclusion of
an elementary pattern from such an aperture which iS'uﬁiformly excited in
amplitude. Figs, 4.9 and 4.10 show u and v axis profiles of the pattern from
a uniform ampli;ude, uniform phase, five waveiength'radius&circular aperture.
These plots are, Of‘COUrSE, identical. A contour map of this pattern in the
uv - plane for the whole visible region is shown in fig. 4.11. The three
dimensional view of the pattern is shown in Fig. 4.12.

The parémeters of beam width, side lobe ievel and directivity havé been
calculated from theory and also obtained from this:éomputer technique, They
are all presented in Table 4.1 for the elementary patterns, -In all cases
except one the agreement is excellent. The directivity of a triéngular line

source is off by 8%. The reason for this is not known.

4.2 Linear Antenna Synthesis
In this section linear antennas are used to synthesize complex pattern
shapes. Consider first a ten wavelength line source. Let the desired pat-

tern and the upper and lower bounds be

. Fav) Fu(v) F (v
|v|] < 0.2 0. dB 0.5 dB - 0.5 dB
0.4 < |v| < 1.0 - o - 40, unspecified

The desired pattern is then a square beam with no side lobes but - 40.dB side
T .

lobes will be tolerated. The original pattern is a Woodward-Lawson pattern

with sample points at v = - 0.2, - 0.1, 0., 0.1, 0.2 and sample values of

1.0 at these points., This original pattern has excursions + (.80 and - 0,25

dBb over the main beam and a side lobe level of - 20. dB in the specifled
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Figure 4,10

Profile alqﬁg v-axis of the pattern from a uniform
amplitude, uniform phase, 10 wavelength diameter cir-
cular aperture.
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Antenna

Table 4.1 Pattern Parameters for Elementary Correctiom Patterns

Source Beam Width Side Lobe Level (dB) Directivity (dB)
Type - Dimensions ‘ :
ITYPE (A) Theory Computer Theory Computer Theory Computer
Uniform line _ .
source - 1 Lyl = 10 0,0886 0.0886 -13.3  -13.3 13.1 13,2
Uniform linear
array - 2 Py = 21 dxx=0.5 0.0886 0.0886 - -13.3 -13.2 13.1 13.3
Triangular line
source - 3 Lyl = 10 0.128 0,128 -26.,6 -26.6 11.8_ 12.7
Uniform
rectangular LxA = 10 0.0886 0.0886 -13.3 -13.3
aperture — 4 Lyx = 20 0,0443  0.0443 -13.3  -13.3 34,0 34.0
Uniform
rectangular Pi =21 d_ =0.5
array - 5 P =41 d_=0.5 34.0 33.9
YN ,
Uniform o ‘
circular ay =5 0.102  0.102 -17.6  -17.6 29.95 29.86

aperture — 6




b

side lobe region, The final pattern (which met thglspécifications) was ob-
tained after 69 iterations, It deviated + 0.44 an&-n 0.42 dB over the main
beam region and had a peak side lobe of - 40.79 dB in the specified side lobe
region. The pattern is plotted in Fig. 4.13. The corresponding current dis-
tribution is given in Fig. 4.14.

The same,pattérn was synthesized uéing triangular amplitude sourcé cor-
rection ceefficients (see Figs. 4.3 and 4.4). This‘éllows for comparison of
different correction functions. The origiﬁal pattern was fofmea using cor-
rections located at v = - Q.Z, 0.0, 0.2 and of amplitude 1.0.‘ The final pat;
tern was obtained after only 30 iterations as compared to 69 for uniform
amplitude source correction functions. The pattern deviations about the de-
sired level of 0. dB over the specified main beam region were + 0.30 and
- 0,11 dB. . The peak side lobe over the specified side lobe region was
7_41.68 dB. Thus.the éynthesiiéd pattern was obtained &ith fewer iterations
and was more comfortably within the tolerances than~ﬁhe'pattern synthesized
using uniform amplitude source.éorrectiqn coéfficienfé. The pattern for
this case is shown in Fig. 4.15. Its corresponding current distribution is
plotted in Fig, 4,16, Note that thé current is zero aﬁ the edges., This is
because the source correction function of Fig. 4.3 is zerc at the aperture
edges, Zero edge illumination may be desifablé in some éituationé.

Occasionally it is desirable to use linear arrays which are not equally
spaced. The ITYPE = 7 of the ANTSYN program provides for general array
synthesis, This example follows that of [14] which employs a different
svinthesls technique, The desired pattern is a square beam with upper and

lower bounds as follows
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lv] < 0.26 0. dB + .42 dB - .42 dB k ¥
0.44 < |v| < 1.0 - 20. - 18.4 unspecified

The element positions used as input to the program were found from [l4] and
are t_ = 0., 0.496, = 0.983, T1.926, T 2,372, T 3.188, * 3.545. The
original pattern for this 13 element array was formed using the same Woodward-
Lawson‘gpécifications as the first example of this section, The ofiginal
pattern has an excursion of 4,51 dB above the desired level of 0, dB over

the main (square) beam region and none below. The side lobe level is - 9.2
dB. Thus, in this case, the origimal pattern is quite far from desired per-
formance, The final ﬁattern obtainedlfrom ANTSYN took 15 iterations to meet
the specifications. In fact, all side lobes were below - 22, dB. The pat-
tern is shown ihrFig. 4,17. This compares to a side lobe level of ~ 18.6

dB from [14]. ' The element currents for the two methods are similar.

4.3 Ractangular Antenna Synthesis

The nultibeam capability of this technique is dlsplayed with the syn-
thesis of a pattern with pencil beams positioned at (0.5, 0.5), (0.5, -0.5)
{-0.5, -0.5), and (0.5, 0;5). The side lobe upper limit was specified to be
=25dB in the visible region outside the main beams, i.e. (for example, the
beam centered at (0.5, 0.5) was specified for 0.38<ux0.64 and 0,38<u<0.64).
The other beams were specified in a symmetric fashion. The region outside
of these main ﬁeam regions had an upper limit of -25dB and no lower limit.
The‘antenna is a 10 by 10 wavelength square apefture. The original pattern
was a Woodward-Lawson pattern with a correction coefficient of 1.0 and cor-
rection locatiéns.at each af the four main beam locatioﬁs given above. The
final pattern was obtained after 21 iterations. Profiles through the centers

of the main beams-(along u for v=0.5 and along v for u=0,5) are shown in
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Figure 4.17 Square main beam pattern synthesized using a 13 element,
7 wavelength, nonuniformly spaced linear array.
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Figures 4,18 and.4.19. The visible region includes absclssa values between
~0.866 and 0;866. Thus, the high side lobes on each end\of the profiles
are outside the visible region. The contour map of ﬁhg region |u| and [v|j
1.0 is plotted in Figure 4.20. The visible region is a circlé inscribed in
the square shown; The three dimensional view is given in'Figufe 4,21,

In the next example a rectangular beam is synthesized using a 10 by
20 wavelength reétangular array. There are 20 elements spaced 0.5 wave-
length in the s-direction and 40 elements spaced 0.5 waﬁelength in the

t-direction, The pattern specifications are:

u, v ' © Fgu,v) Fy(u,v) Fr (u,v)
lul<0.2,]u|<0.05 ' 0.dB 1.0dB - -0.9dB
0.36<|uj<0.50 - - _ -
0.12<|v|<0.50( -20.0 - -18.4 unspecified

The pattern is unspe;ified at all other points of the uv-plane. The gap in
specifications between the main beam and side lobe regions allows the m;in
beam to roll off. The elementary correction functions used (see 4.1) will
give side lobeas beloﬁ -20, dB outside the side lobe region specified. The
original pattern is that of a Woodward-Lawson pattern ﬁith 1.0 correction
coefficients at 15 sample points which are all possible combinations of -0.2,
-0.1, 0.0, 0.1,'aﬁd 0.2 in u and -~0.05, 0.0, and 0.05 in v. The ANTSYN com-
puter program converged to a final pattern which met specifications after 62
iterations., The principal plane patterns are shown in Figures 4,22 and
4,23. The contour map is plotted in Figure 4.24. The contours run from

0. to -40.dB in 5.dB steps and the -35. and -40.dB contours are dotted.

The three-dimensional view is shown in Figure 4.25.
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Figure 4.18 A multiple beam radiation pattern profile in the u-direction
' for v = 0.5 synthesized using a 10 by 10 wavelength aperture
antenna, The visible region is for |u{ < 0,866.
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Figure 4.19 A multiple beam radiation paftern profile in the v~direction
for u = 0.5 synthesized using a 10 by 10 wavelength aperture.
The visible region is for [v| < 0.866.



~-s/-

Lt N
ﬂ. el

2=
=t
Q\lo- \ del

$A
R ah CF ST e
W . 4 \u.
ve P ! Fang™ " H
- . H o
/B I W TR O (N 1 (I
. [
¢ QLo B %S
RN LR OV R 1
- - H
1] Y -.
% " - N H
o) £y M\K 1
- S L bt [ LSO I YL
p* e,
{
.f'
Lkt Ll
Kl ¥ [ i N Fr
Pt .
PR vy U8
~ K . o - i
-.n -, s ERH
H s ) y ot a2
11 o -—.a N MR T A 14 _" .ﬂ\
won hilao g H
Wouldi vy f
o g BN
/N oy B AR
...“\ \s. \\\ N N\ .I....- -..c-...
s # . Y X ~
- -.J.-do -.\... N .-.5.- .-.v -.-ﬁ- .—l Y
pren g e NN
— -

Contour map of a multiple beam, low side lobe pattern

synthesized from a 10 by 10 wavelength aperture,

Figure 4,20

65

PRTTERN



=EI'. ﬁ i
iy )
it ! \ \ ;

il
I ’?ift.‘l‘fﬁ‘it\ﬁ!:s

i
‘_

Ji

‘-




-53=

[=1=]3]

PATTERN &I _ V= 0000

Figure 4.22 Profile along u-axis of a rectangular main beam, low
side lobe pattern synthesized from a 20 element, 0.5
wavelength spaced by 40 element, 0.5 wavelength spaced
rectangular array. '
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Figure 4,23 'Profile aleong v-axis of a rectangular main beam, low
side lobe pattern synthesized from a 20 element, 0.5
wavelength spaced by 40 element, 0.5 wavelength spaced
rectangular array.
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Figure 4.24 Contour map of a rectangular beam, low side lobe pattern
' synthesized from a 20 element, 0.5 wavelength spaced by
40 element, 0.5 wavelength spaced rectangular array.
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Tighter tolerances are easily achieved. This example is a rectangu-

lar beam with.the following specifications:

(u,v) Fa(u,v) Fr(u,v) o Fy (u,v)
. =0.2<u<0.2
-0,05<v<0.05 0.dB 0.5dB : -0.5dB

0.34<|u|<0.50
0.12<|v|<0.50

~ 50 -25. unspecified
The pattern is unspecified at all other points in the uv-plane., The an-
tenna used is again 10 by.20 wavelengths, but this time it is a continuous
rectangular aperture. The original pattérn is.a Woodward-Lawson pattern
with sample pointé and éample values aé given in Section.B.l. The ANTSYN
program was run and its output is shown in Section 8.2._ Coincidehtally,
the number of iterations required to meet,épecifications, 62, was identical
to the previous example which had weaker specifications. The plots of the
final results were obtained using the ANTDATA, whose input for this exam-
ple is discussed in Section 8.3. The principal planelprofiles are shown

in Figures 4.26 and 4;27. Noge that the main beam riﬁple_is less than
+0.5dB and the éide-loﬁes are below -25,dB. The contour map of the pat-
tern is shown in Figure 4.28. 1In this case the lowest contour shown is
-30.dB. The contour interval is still 5.0dB and the maximum contour level
is 0.dB. The three dimensional plﬁt is-showﬁ in Figure 4.29, The floor

of this plot is -35.dB, i.e. values =35.dB below the main beam are sup-

- pressed.
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Figure 4,26 Profile aloﬁg u-axis of a rectangular main beam, low side

lobe pattern synthesized from a 10 by 20 wavelength rectan-
gular aperture,
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Figure 4.27 Profile along v-axis of a rectangular.main beam, low side
lobe pattern synthesized from a 10 by 20 wavelength rectan-
gular aperture,



Figure 4,28 Contour map of a rectangular main beam, low side lobe pattern
synthesized from a 10 by 20 wavelength rectangular aperture,
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5. Conclusions

in thisﬂrebortlweohavé presented a rather detailédldiscussion of a
-generai technique for antenna synthesis. This géneral apéroach was adopted
to allow for synthésizing perhaps the most difficult.type of radiation pat-
tern -- that of multiple shaped main beams with side lobe control. The
intended application for this pa:ticular pattern is for domestic satellite
antenna systems. Included are speqific mo@els forlseﬁerél common antenna
types plus capability for‘éynthesizing épecial’ahtennas. This was done so
that a paper feasability study can be carried out for many antenna types.
After such a study, there remain many engineering decisions concerning
realizablility (see Chapter 1) for each candidate antenna.

The examples given in_Chapter 4 illustrate some of the antenna types
and pat£ern sﬁapes which canrbe handled with this method. There appeafs to
be no limit to the variety of anfennas and patterns one éan use. The con-
vergence of the itepativé sampling mephod is not guaranteea. This is due
to the simple correcticn functioné weluée. However, this selectioﬁ ensurés
that no superdirective patterns will be synthesized. If a very na;row beam
correction pattern were used, the convergence rate would increase due té
increased resolution of tﬁe correction patterms, When convergence to Ehe
desired pattern is not obtained, one can relax the specifications {usually
by widening the region of no—specificatipn between the main beam and side
lobe regions).

The synthesis capability can bé expanded_by increasing the capability

of the computer programs given in the appendices. For extremely large an-

tennas the pattern digitizing should be increased. It is now a 51 by 51
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grid for one quadrant (for quadralateral symmefry). This grid should be
increésed in size for anténnas of, say, many tens of wavelengths in size.
The program could be made more efficient by making an array for the cor-
rection functions te.g. PAT, SOURCE), to avoid repeated computations. This
would allow one to easily put in an experimental correction function also.
The synthesis of c¢ircular apertures is currently ratﬁer slow. This is
because of the Beésél function calcﬁlations which are required. ngfhaps
a special purpose Jl(x)'rﬁutine could be written to qvuid the general pur-
- pose IBM S8P routine, |

Ihe ANTDATA program requires a 1argé améunt df time to plot two énd
three &imensional‘ploté. An ideal solution tb thié would be to repléée
~ the CALCOMP plotterryith a video real time display for previewing the results.
" A hard copy attachment to the yideo ﬁerminal‘would alsoc be very useful, In-

teractive computer graphics could be explored too.
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6. Appendix: The ANTSYN Computer Program

6.1 Introduction

The ANTSYN computer program synthesizes finite planar antennas. It
is based on the theory detalled in Chapter 3. On a large scale it can bhe
consldered to consist of four méjbr functional blocks. -The main program
provides conitrol of what operations are te be performed.‘ The subroutines
comprise the remaining blocks which function as input, computation, and
output. Therprogram as presénted in this report is designed to handle anten-
nas of most shapes and sizes. Hawever, if an unusual antenna shape or one
with certain limitations arising from hardwarelcﬁnsidergtions is encbuntered,
the modular subrOutine.structure allows the designer to change only selected
subroutines to accommodate his particular problem.

This compﬁter program has evolved over a period of six vears and had
been tested thoroughly. Because it is designed for wide application, it is,
however, large and complex. Thus, if tﬁe potential user intends to make any
subroutine changes he should have a good grasp of the FORTRAN IV language.

The patterns and source distributions are digitized and set up as two
dimensional arrays. The patﬁern arrayé FDES, FU, FL, AﬁD F are specified
in the U and V directions at MMAX and NMAX points beginning at STARTU and
STARTV and incremented in intervals of DELTAU and DELTAV. The current arrays
CURR and CURL are specified in the § and T directions at MCUR and NCUR points '
beginning at INITLS and INITLT and incremented in Intervals of DELTAS and

DELTAT.



6.2 Program Organization

A block diagram of the program-with all of its subroutines is shown
in Fig. 6.1. As mentioned in the previous section, the main program
provides coﬁtrol over the subroutines which fall into three categories:
input, computation, and output. The organization was selected to offer
maximum flexibility. The program is intended to be very general, and it
does provide for synthesis of many antenna tvpes. However, if special
antenna types are to be synthesized, the subroutines SPECPT and SPSOR
can be used. Also, if the original pattern, correction pattern, or source
correction are experimental, the subroutines ORGPAT, PAT, and SOURCE may
be replaced with a data file of some sort.

The subroutines such as ANTSYN, SEARCH, UPDATE, CHECK, and CURREN
have been developed from a considerable zamount of effort and should not
be changed unless one thoroughlf understands the details of the entire
program. The other subroutines have been written with the possibility of
change in mind.

The arfays F, FDES, FU, FL, CURR, and CURI are presently dimensioned
at (51, 51). The arrays US, VS, and CORCOF are dimensioned at 500. The
storage used on the Virginia Tech IBM System 370/155 computer is about
200 X, Of course, any example tun with the present program with dimension
requirements less than those in the present program will be run by the pro-
gram. If.larger dimensioning is necessary the appropriate dimension state-

ments in the program must be changed and storage allocation increased com—

mensurately.
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6.3 TUser's Guide to ANTSYN

In this section a summarj of the steps one must follow when using ANTSYN
is presented. The steps are listed in Table 6.1 in order. The device refers
to how the step is accomplished in the program. The location refers to where
in the program the step is pefformed. The availability is either standard or
special. Standard is the way it is listed in the statement listing of Section
6.6. Special means it is to be provided by thg user witﬁ the device indicated.
The steps will be discussed here. Further details can be found in the variable
definitions and subroutine descriptions in the following sections.

Step 1. This step is entirely optional and is included to show how one
can use data storage (on-line disk in this case). The variables NUMPAT, NUMIRK,
NUMSKP and IPASS are read off of .the storage unit. NUMPAT is the pattern number
assigned to the previous job. The program adds ome to NUMPAT to form the cur-
rent job pattern number. NUMIRK is the track number on disk where the previous
job data was stored. NUMSKP is an array whose subscripts correspond to disk
storage track numbers. If this number is 0 or 1 there is not data stored on

that track. This information is used in step 10 to write onto disk.

Step 2. The pattern parameters are read in from gards under

NAMELIST/PARAM/IDISK, LSYMM, ITRMAX, DELTAU, DELTAV, STARTU, STARTV,
MMAX, NMAX, MCENT, NCENT

All of these variables are to be provided on cards following the FORTRAN

Namelist format.

Step 3. Next the switches for control of the print out are read in from

cards under

NAMELIST/IPRINT/FDESPT, FDESPR, FDESCN, FDBPT, FDBCN, FDBPR, FORGPT,
FORGCN, FORGPR, ICURPT, ICURCN, ICURPR, FCURPT, FCURCN, FCURPR, DIRECT

Only those print outs desired need to have the appropriate switch variable

provided on input of this Namelist, because default for all print outs is none.
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Job assignment

Pattern parameters

Output print
control

Antenna parameters

Desired pattern

Original pattern
and original source

Special correction
pattern function

Special correction
source function

Special location

Job storage

Device
Auxiliary storage

Cards; use Namelist PARAM

Cards; use Namelist IPRINT

Cards; use Namelist PATIN

If ITYPE >7 also use subroutine
SINPUT

Program statements to load FBDES, FU

and FL : .
or

Cards; call subroutine READ to load
FDES, FU, and FL

Cards; read NORG, US, VS, CORG to
generate original state using
Woodward~-Lawson method

or

Cards or program statements; if
Woodward-Lawson is not usedyload
F, CURR, and CURI, set NORG=0

Program statements to generate
values of PAT, ITYPE >7

Program statements to penerate :
companion to special pattern, ITYPE >7

Program statements to generate
source coordinates given source
arrav subscripts, use when ITYPE >7

Programming to write job data
onto storage unit

Location

MAIN

MATIN

MAIN

INPUT

SINPUT

DESPAT

DESPAT

ORGPAT

ORGPAT

SPECPT

SPSOR

SPLOC

MAIN

Avallability

Standard
Standard

Standard

Standard

Special

Special

Special

Standard

Snecial

Special
-Special

Special

Standard



Step 4. This step provides input concerning the particular antenna

to be used. It is read in om cards under

NAMELIST/PATIN/LX, LY, PX, PY, DISX, DISY, INITLS, DELTAS, FINALS,
INITLS, DELTAT, FINALT, NELMT, ARAD, ITYPE, MCUR, NCUR

See write up on Subroutine INPUT in Section 6.5 for a list of which varia-
bles must be supplied in this Namelist for the various antenna types.

Step 5. The patterns FDES, FU, and FL are to be loaded in this step.
This can be done in two ways. First programming can be provided in Sub-
routine DESPAT to give a value to this arrays at every point. Or, a Sub-
routine DESPAT can he used to call READ for these arrays and then cards
are read to load the arrays.

Step 6. The original pattern and original source are loaded in this
step. If the Woodward-Lawson technique is satisfactory all that is nec-
essary is to provide data cards with sample information. The first card
is the number of samples NORG and uses an I5 format. The succeeding
cards (NORG in number) contain UORG, VORG, AND CORG (the sample locatiomns
and values) on a 3F10.0 format. The original pattern F ard current CURR
and CURI méy be loaded in any other fashion if the user replaces ORGPAi
with programming that loads them directly or calls some device and reads
them. Set NORG=0 in éRGPAT if Woodward-Lawson technique is not used.

Steps ‘7 and 8. If correction pattern and source functions other than

the seven standard ones available are desired by the user, Subroutines SPECPT
and SPSOR are to be written, Use ITYPE >7,

Step 9. If correction pattern and source functicns other than the
seven standard ones available are desired bv the user, Subroutine SPLOC is

to be written, Use ITYPE >7.



Step _10. At the completion of a program data may be stored for
future use, such as with the ANTDATA program. After looking at ANTSYN
print out the user can décide if further display is desired. We can
IDISK is used

then use the data stored to plot pattermns, currents, etc.

to control whether data is to be stored.



6.4 Program Variables

6.4.1 Correspondence Between Symbols Used in the Theory and Program Variables

Computer Program

Symbol Counterpart
ey CORCOF ( )
n

ay ARAD

dxl DISX

dyk DISY

(K)

f {s,t) CURR (M,N)
CURT (M, N}

F(i)(n?v) F (M,1)

Fgfu,v) - FDES (M,N)

g, (1) (s,0) SOURCE (J,K,US(L),US(L),ITYPE)

G(u—un(i),v-vn(i) PAT (U-US(L), V-VS(L), ITYPE)

Ly, LX

Lvl LY

Py . PX

P, . PY

s g

& T

u 1)

un(i) us{ )

v v



6.4.2. Definition of Some Integer Variables Used in the Program

DIRECT Input variable controlling calculation and print out of direc-
tivities DIRORG and DIRFNL; 0 No, 1 Yes - Default is 0. Original
pattern is to be of Woodward-Lawson type.

FCURCHN Input variable controlling print out of contour map of final
current distribution; 0 No, 1 Yes - Default 1s 0.

FCURPR  Input variable controlling print out of final current distribu-
tion profile or list; 0 Nome, 1 Profile (S and/or T axis) for
continuous sources, 1 Table of element currents for arrays, 2
List (primarily for use with ITYPE = 7) - Default is 0.

FCURPT Input wvariable controlling print out of a listing of the final
current distribution; O No, 1 Yes ~ Default is O,

FDBCN Input variable controlling print out of contour map of final
pattern in dB; O No, 1 Yes - Default is 0.

FDBPR Input variable controlling print out of final pattern profile;
0 No, 1 Yes - Default is O, :

FDBPT Input variable controlling print out of final pattern in 4R; O
No, 1 Yes - Default is 0,

FDESPR  Input variable controlling print out of desired pattern profile
table; 0 No, 1 Yes (U and/or V axis) - Default is 0.

FDESPT Input variable controlling print out of a listing of desired
pattern; 0 No, 1 Yes - Default is 0.

IC Subseript of CORCOF( ) array for latest correction.

ICURCN Input variable controlling print out of contour map of initial
current distribution; O No, 1 Yes - Default is 0.

ICURPR  Input variable c¢ontrolling print out of inifial‘current distribu-
tion profile or 1list; 0 Nome, 1 Profile (U andfor V axis), 2 List
(primarily for use with ITYPE = 7) - Default is 0.

ICURPT Input variable controlling print out of a listing of initial cur-
rent distribution; O No, 1 Yes - Default is O.

IDISK Input variable controlling output of data to disk storate; 0 No,
1 Write if successful (ISUC = 1), 2 Write all final pattern data.

TPASS Optional passwork to protect disk storage

ISUC Success counter; 0 If pattern specificiations have not been met,
1 If they have.



ISYMM

ITER

ITRMAX

ITYPE

MCERT

MCUR

MMAX

NCENT

NCUR

NELMT

NORG
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Input variable descirbing the symmetry of the desired pattermn;
0 if No symmetry, 1 for symmetry about U-axis, 2 for symmetry
about V-axis, 3 for symmetry about both U and V axes, and 4
for symmetry about U, V and both 45 degree axes,

Number of iterations performed.

Input variable giving the maximum number of iterations the pro-—
gram is allowed.

Input variable indicating what antenna type is to be used in

the synthesis, the type descriptions follow.
Source Illumination

Used to Form

TTYPE Antenna Type Correction Pattern
1 Line Source Uniform
Equally Spaced Uniform
Linear Array :
3 Line Source Triangular
4 Rectangular Aperture Uniform
5 Rectangular Array Uniform
6 Circular Aperture Uniform
7 _ General Array . Uniform
GT7? SPECPT SPSOR

Input variable - First subscript of patfern array where pattern is
to normalized to § dB.

Input variable - Number of first subscripts of CURR and CURL arrays-
Usually indicates quantization in S direction.

Input variable - Number of points used in U direction for pattern
arrays.

Input variable - Second subscript of pattern array where pattern
is to be normalized to O dB.

Input variable - Number of second subscripts of CURR and CURI
arrays - Usually indicates quantization .in T directiom.

Total number of antenna array elements — Used as input when ITYPE=7.

Input variable - number of points used in V direction for pattern
arrays. ‘

Input variable - Number of samples in original pattern



NUMPAT

NUMSKP( )

NUMTRK

ORGCN

ORGPR

- ORGPT

PX

PY
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Pattern number - Arbitrary sequence number for identifying
synthesis problems.

Variable on disk storage. If 0 space is available on track
corresponding to subscript number. If 1 track contains pre-
viously generated data.

Reference number of a single track on disk storage.

Input variable controlling print out of contour map of origi-
nal pattern; 0 NO, 1 YES - Default is 0.

Input variable controlling print out of original pattern; O
N0, 1 YES (U and/or V axis) - Default is 0,

Input variable contrelling print out of original pattermn; O
NO, 1 YES - Default is 0.

Input variable - Number of array elements in X~direction.

Input variable - Number of array elements in Y-direction.

6.4.3. Definition of Some Real Variables Used in the Program

CONINT

CONLOW
CONMAX
CORCOF ( )

CORG ( )

CURI( , )

CURR( , )

DELCON

DELTAS

DELTAT

Input variable - Radius of circular aperture source in terms
of a wavelength.

Interval between contour levels of CONTUR and PATCON print
outs.

Lowest contour level of CONTUR and PATCON print outs.
Maximum level of CONTUR and PATCON print outs.
Correction coefficient

Correction coefficients (or sample values) for original
pattern,

Imaginary part of current.

Real part of current.

Increment above and below a contour level for which a function
value is said to belong to that contour when using CONTUR and

PATCON print couts.

Input variable - Increment between print out points of current
distribution in § directiom.

Input variable - Increment between print out points of current
distribution in T direction.
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DELTAU Input variable - Increment between comparison points in U
direction. Also, Increment between pattern print out points.

DELTAV Input variable - Increment between comparison points in V
direction. Also, increment between pattern print out points.

DIRFNL Directivity of final pattern.
DIRORG Directivity of original patterm.
DISX Input variable - Spacing between antenna array elements in X

direction normalized to a wavelength.

DISY Input variable - Spacing between antenna array elements in Y
direction normalired to a wavelength.

F¢ , ) Current pattern value,
FDES( , ) Input variable - Desired pattern value.

FINALS Input variable - Final point of current distribution print
puts in S direction, .

FINALT Input variable - Final point of current distribution print
outs in T direction.

FINALU Input variable - Final point of pattern comparison and print
outs in U direction.

FINALV Input variable - Final point of pattern compariscn and print
outs in. V direction.

FL( , ) Input variable - Lower limit on synthesired pattern.

FNORM Factor by which pattern F( , ) is divided to normalize it
to 0 dB at the point (MCENT, NCENT).

FUC , ) Input variable ~ Upper limit on synthesized pattern.

INITLS Input variable - Initial point of current distribution print

outs In S direction.

INITLT Input variable - Initial point of current distribution print
outs in T directiomn.

LX Length of antenna in X direction in wavelengths - For continuous
aperture sources this is an input variable.

LY Length of antenna in Y direction in wavelengths - For continuous
aperture sources this is an input variable.

5 Source coordinate X normalized to a wavelength,

S5( ) Antenna array element position in § direction - Input variable
for ITYPE = 7.



STARTU

STARTV

TT (

UORG(

Us(

VORG (

vs(

)

)
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Input variable - Starting point in U direction for pattern
comparisons and print outs.

Input variable - Starting point in V direction for pattern
comparisons and print outs.

Source ceordinate Y normalized to a wavelength.

Antenna array element position in T direction - Input variable
for ITYPE - 7. ‘

Pattern coordinate.

Input variable - Positions of sample points for original
pattern in U direction.

Positions of corrections (samples) in U directiomn.

.Pattern coordinate.

Input variable - Positions of sample points for original
pattern in V direction.

Positions of corrections (samples) in V direction.
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6.5 Subroutine Descriptions

The subroutines are discussed in the order in which they appear in

Fig. 6.1.

SUBROUTINE INPUT

This subroutine provides input to the program.through the ecard reader;
fhe Namelist labeled PATIN is used. Of the variables in this Namelist, only
certain ones are to be specified for different values of ITYPE; The variables
are defined in Section 6.4, Ihe ones wﬁich are to be provided as input for
each ITYPE are listéd below. Remaining variables for a given ITYPE are to

be omitted from the input deck.

ITYPE Variables to be provided as input for PATIN Namelist
1 ' LY, INITLT, DELTAT, FINALT, ITYPE
2 LY, PY, DISY, ITYPE |
3 LY, INITLT, DELTAT, FINALT, ITYPE
4 1X, Ly, INITLS, DELTAS, FINALS, INITLT, DELTAT, FINALT, ITYPE
5 | LX, ‘LY, PX, PY, DISX, DISY, ITYPE
6 INITLS, DELTAS, FINALS, INITLT, DELTAT, FINALT, ARAD, ITYPE
7 ITYPE, MCUR, NCUR

Greater than 7 SINPUT, written by user for his special problem.

For ITYPE=7 the source arrays are sized with MCUR and NCUR; Thé total
number of elements in the array should be the product of MCUR and NCUR. If
~ the number of elements is not easily factorable, one could always use an array
with MCUR= number of eiemeﬁts and NCUR=1, This may requlre some dimension

statement changes in the program. Two dimensional arrays for the source are

used because of their convenience with the other source types.
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INITLS, DELTAS, FINALS and INITLT, DELTAT, FINALT are used for prints

of the source,

SUBRQUTINE SINPUT

Currently this subroutine is a dummy subprogram. Inputs for programs
not included in ITYPE through 7 should use this subroutine. It is to be
written and added by the user. ITYPE as used in NAMELIST/PATIN/should have

a value of 8 or greater., SINPUT is called from INPUT when ITYPE is 8 or

greater.

SUBROUTINE READ (F, MMAX, NMAX)

This subroutine is used to load any two dimensional array in the pro- '
gram by reading in values off of cards. F is any real two dimensional
array. MMAX rows and NMAX columns are to be loaded. The program in its
present form does not use READ but subroutines DESPAT and ORGPAT can be
used to call READ to load FDES, F, FU, FL, CURR, CURI. The arrays F, CURR,
and CURI are then the original pattern, real part of original current, and
the imaginary part of the original cprrent.

The arrays are read in row by fow. A new row is begun by a new card.
The format is 6(I13,F10.0). The integer number is a multiplier, i.e., the
following real number ié to be repeated that many times. For example, if
MMAX were 51 and all entries im the 5th row were to be 0.0, the card cor-

responding to the 5th row would have 51 in columns 2 and 3 and 0 in column

13.

SUBROUTINE DESPAT (FDES, FU, FL, MMAX, NMAX, STARTU, STARTV, DELTAU, DELTAV)

The purpose of this subroutine is to return arrays FDES, FU, and FL.

They are all two dimensional and are lcaded with MMAX rows and NMAX columms.



A-16

There are several ways that this subroutine can be written to load these
arrays. Subroutine READ can be called for each of the arrays, if card input
is convenient. If the patterns can be generated from FORTRAN expressions
easily, the arrays can be joaded in the subroutine by incrementing thru U
| and V and assigning values to the arrays. This approach often avoids thé
need for a large input card deck.

The values of the patterns FDES, FU, and FL are to be positive real
numbers and not dB values. This is done for computing efficiency. If ome
wishes to work with dB values it is an easy matter to convert dB to real
values in this subroutine using 20.*ALOG1O( ). It is best for the
pattern maximum, 1if spécified, to be close to 1,0.

SURROUTINE ORGPAT (F, MMAX, WMAX, STARTU, STARTV, DELTAU, DELTAV, CURR,
CURI, MCUR, NCUR)

This subroutine is used to initialize the pattern array F and current
arrays CURR and CURI. These represent the original pattern and real and
imaginary part of the original current distributioﬁ.- The pattern arrays
are to be gpecified in rows and columns starting with STARTU and STARTV
and extending for MMAX and NMAX poin?s with DELTAU and DELTAV being the
separation between points. The cprreﬁt arrays give current values at
positions in the ST plmMSWhich depend on ITYPE; see SOURCE.

The program presently loads the arrays using the Woodward-Lawson syn-
thesis method. Thi; amounts to é Oth iteration., First, the number of,samf
ples in the original pattern is re;d in as NORG on a single card under an
15 format. Next the‘samplé positions US and VS and the correction coeffi-
cients CORG are read‘in on a.card under 3F10.0 format. See [12] fo; an

excellent discussion of the Woodward-Lawson method. Note that the Taylor
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1ine source method is handled with this technique also. [13]

1f the original ﬁattern ig something which is not satisfactorily‘rep-
resented by a Woodward-Lawson type pattern, the user can substitute for
this subroutine. If the original pattern and current are experimentally
obtainea, the READ subroutine can be called to read in the values from
cards or the arrays can be generated using analylitic functionms. In ORGPAT,

NORG should be set to zero when not using Woodward-Lawson method to generate

original state.

SUBROUTINE ANTSYN (ISUC, MMAX, NMAX, FDES, FU, FL, ITRMAX, ISYMM CORCOF,
1¢, US, VS, STARTU, DELTAU, SmARTV DELTAV, MCENT, NCENT,

ITER, FNORM, F)

This subroutine carries out the iteratiom procedure. The arrays FDES,
FU, and FL are input and are the pattern specifications loaded by DESPAT.
F is initially the origipal pattern found from ORGPAT. This array is changed
as iterations are performed and is the current synthesirzred pattern state.
The subroutine cycles, or iterates, until either all points of F are befween
corresponding points of FU and FL or the maximum number of iterations ITRMAX
is exceedea beforé each iteration F is normalized to 1.0 at the MCENT row
and NCENT columm. If the patterm specifications are not met, SEARCH is called
to locate where the patterm exceeds its tolerances by the greatest amount.
The weighting coefficient as given in (3-9) is returned as VAL and then is
loaded into CORCOF. If the correction points are close to either the U or
V axis but not on either and the pattern is symmetric, VAL is adjusted
because of the strong correlation between the sample and its symmetrically
placed samples. ANTSYN places other corrections corresponding to the level
of symmetry ISYMM. The higher the level of symmetry in the desired pattern,

the higher the level of symmetry of the corrections. After each correction,
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UPDATE is called to recompute the pattern; CHECK is then called to see if
corrections have ever been applied at the latest sample points. The.iteraj
tion. is now compléte and control is transferred to the beginning of ANTSYN.
This is repeated until the specifications are met or ITRMAY is exceeded.
Then, control is returned to the main program where results are printed
out.

SUBROUTINE SEARCH (Il, Jl, VAL, FDES, FU, FL, F, MMAX, NMAX, STARTU, STARTV,
DELTAU, DELTAV)

This subroutine is called by ANTSYN subroutine to locate the point
where the current pattern F exceeds the upper and lower limit patterns FU
and FL by the largest amount. This point is returned from the subroutine
as I1 and J1 of the pattern matrices. Il and Jl are also used as input and
ig the first point where specifications are not mét as found in ANTSYN.

The search begins here to avoid searching points that were covered in ANTSYN.
The V axis is searched in increments of DELTAV for NMAX points for each U
value, which itsglf is incremented in DELTAU for NMAX ﬁoints. The search

is limited to the visible region inside the unit circle. The maximum devia-
tion above FU or below FL 1s returned as VAL as computed by (5-9). The
values of I1, Jl, and VAL are printed out and flagged with **SEARCH*%* so

that the user can see a "time history™ of the corrections applied.

SUBROUTINE UPDATE (IC, US, VS, CORCOF, F, MMAX, NMAX, FNORM, STARTU, STARTV,
DELTAU, DELTAV)

This subroutine updates the F array to keep it current. Following each
correction the array is recomputed in this subroutine. In ANTSYN the coor-
dinates of the correction point are evaluated after Il and J1 are returned
from SEARCH and assigned as Ul and V1 and then as Us(IC) and VS(IC). 50 IC

is the subscript for US, VS, and CORCOF corresponding to the most recent



A-19

assignments to those arrays. IC and the whole arrays US, VS, and CORCOF
are input to UPDATE. Then the pattern F is calculated using these arrays

and PAT.

FUNCTION PAT (U, V, ITYPE)

This subprogram returns the value of the correction function at the
point U, V. It does this for function types determined by the value of
ITYPE. The seven antenna types corresponding to the numbers 1 through 7
for ITYPE as given in the integer variable definition section of this Chap-
ter are discussed in detail in Section 3.5. If the user wishes to use some
other correction function, a value of ITYPE greater than 7 will make PAT

call SPECPT to find a wvalue,

FUNCTION SPECPT (U, V, ITYPE)

Currently, this is a dummy subprogram. If a correction function other
than one of the seven standard ones given in PAT is required, this function
ig to be used. The dummy subprogram is then replaced by a function which

generates values at all points (U, V). See PAT.

SUBROUTINE CHECK (IC, VAL,.US, VS, CORCOF, DELTAU, DELTAV)

This subroutine is used to save computing time and storage space, After
a correction has been determined by SEARCH and applied by UPDATE, CHECK is
called to see if the correction point has ever been used before, All pre-
vious 5ample points US and VS are searched for a match to US(IC) and VS(IC).
If a match is found the correction coefficient CORCOFfIC) is added to the
correction coefficient previously applied at that point. The number of cor-

rection coefficlents is thus reduced by one each time a match is found.
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SUBROUTINE CURREN (CURR,. CURI-, MCUR, NCUR, US, VS, CORCOF, IC)

This subroutine calculates the final currenL distribution necessary
to produce the final pattern F. The real and imaginary parts of the cur-
rent matrix, CURR and CURI, are initially that of the original current
distribution (corresponding to the original pattern) as generated in ORGPAT.
The source currents are éalculated‘by summing all corrections together with
the original pattern as in (3-11) and (3-12). The correction functions for

the current are obtained from the SOURCE subprogram.

COMPLEX FUNCTION SOURCE (M, N, U, V, ITYPE)

This subprogram éupplies values of the correction current for loading
into the current arrays‘CURR and CURI at the point (M, N) for pattern
sample point (U, V). .This subprogram has seven sources corresponding to
the seven patterns of PAT and they are flagged with an ITYPE number. If
antennas other than these seven standard types are required, SPSOR is
used to generate it. SPSOR will be called automatically if ITYPE is greater

than 7. The sources in this subprogram are the Fourier Transform mates of

the patterns in PAT.

COMPLEX FUNCTION SPSOR (M, N, U, V, ITYPE)

Currently, this is a dummy subprogram. It operates in the same manner
as SOURCE. It is called from SOURCE when ITYPE exceeds seven. Then the
dummy subprogram should be replaced by programming which generates values
of the current distribution corresponding to the correction pattern of
SPECPT and with correction point (U, V),. The function of SPSOR and SPECPT

should be Fourier transform mates.
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SUBROUTINE LOCSOR (M, N, S, T)

This subroutine is used to generate source coordinates § and T when
given the subscripts M and N of the current arrays CURR and CURI. It
depends, of course, on the antenna used and this is handled by the com-
moned variable ITYPE. For ITYPE greater than seven SPLOC is called
automatically. The coordinates § and T obtained from this subroutine are

used by SOURCE and in the excitation print out part of the main program.

SUBROUTINE SPLOC (M, N, S, T)

This is currently a dummy subroutine. It is called by LOCSOR when
ITYPE is greater than seven, When an antenna type other than one of the
seven standard types is.used,the user must supply FORTRAN coding to this
subroutine to perform the function of LOCSOR.

SUBROUTINE DIRCTV (CORG, UORG, VORG, NORG, US, VS, CORCOF, IC, MMAX, NMAX,
DIRORG, DIRFNL) .

This subroutine calculates the directivity of the original and final
patterns, DIRORG and DIRFNL. The directivities are calculated as discussed
in Section 3.6. The patterns are generated by adding up all weighted cor-

" rection patterns. The original pattern must be of the Woodward-Lawson type.
If this is not the case, programming may be changed to call ORGPAT for
generation of the original pattern,

1f these directivities are desired, output the variable DIRECT should

be set to 1 in Namelist IPRINT.

SUBROUTINE PRINT (A, M, N, STARTU, STARTV, DU, DV)

Subroutine print is the general output subroutine. It will print out

co-ordinates (U, V) and values A(I, J), 10 rows and 10 columns to a page.
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U and V are calculated as follows:

U

STARTU + (I - 1) * DU

V = STARTV + (J - 1) * DV

where I and J correspond to A(I, J), the value printed.

The output format is such that for large sourées the printout covers
many pages. However, .these pages may be pasted togethef to form a gird
and then photo-reduced for ease of handling.

PRINT maf be used for all patterns and for all sources except ITYPE =

7. To invoke PRINT code the following variables in Namelist IPRINT.

Data Type Variable
Desired pattern FDESPT = 1
Original pattern FORGPT = 1
Final pattern FDBPT =1
Original current lICURPT =1
Final current FCURPT = 1

SURROUTINE PROFIL (DATAl, NPT, NUMPAT)

Subroutine PROFIL prints a graph of the data in DATAl with automatic

scaling using NPT(NPTjﬁOlj number of points. The abscilasa is stored in
DATA1 (J, 1); the ordinate is stored.in DATAL (J, 2).

Because the line printer is a discrete device, the axes will be quan-
tized. However, the true value of the ordinate is printed to the right of
the graph.

PROFIL may bqu be used for pattern printouts. PROFIL gives both U~
axis and V-axis profiles.

To invoke subroutine PROFIL, code the following variables in Namelist

IPRINT.
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Pattern ' Variable
Original FORGPR = 1
Final FDBPR = 1

SUBROUTINE CONTUR (K, L, DELCON, CONLOW, CONMAX, CONINT, A, NUMPAT)

Subroutine CONTUR provides a contour map of data stored in array A
(dimensioned A(51, 51). "It is used primarily for two-dimensional source
distributions. (Subroutine_PAICON is used for twofdimensional patterns.)
Contour levels between CONLOW and CONMAX differing by CdNINT are printed
on a K by L grid (K, L.< 51).

To invoke this subroutine code the following variables in Namelist

IPRINT,.
Source Variable
Original distribution ICURCN = 1
Final distribution FCURCN = 1

Separate contour printouts are given for real and imaginary currents.

Not intended for use with ITYPE=7 pattermns.

SUBROUTINE ‘PATCON (RDATA, MMAX, NMAX, ICODE, CONLOW, CONMAX, CONINT, STARTU,
STARTV, DELTAU, DELTAV, NUMPAT, ISYMM)

Subroutine PATCON provides the user with a contour map of the desired
pattern (ICODE = 0), the initial pattern (ICODE = 1), or the final pattern
(ICODE = 2), Contour levels are given by CONLOW, CONMAX, and CONINT. There
may be up fo 10 contouf levels. In addition, if the pattern at a particular
pbint falls below CONLOW, then a MINUS sign is printed. ' If the pattern rises

above CONMAX, a plus sign is printed. Approximate execution time of PATCON

is 10 seconds.
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To invoke this subroutine code the following variables in Namelist

IPRINT.
Pattern "ICODE Variable
Desired 0 FDESCN = 1
Original 1 FORGCN = 1
Final 2 FDBCN =1

SUBROUTINE LIST (CURR, CURI, MCUR, NCUR)

The purpose of SUBROUTINE LIST is to print out array element coor-
dinates and currents for the general array source (ITYPE = 7). The coor-
dinates (S, T) are found from SUBROUTINE LOCSOR and these are printed
along with the appropriate value of current.

SUBROUTINE LIST is called by coding ICURPR = 2 or FCURPR = 2 in Name-
list IPRINT. ICURPR = 2 will list initial element currents while FCURPR =
2 will list final element currents.

While written primarily for sources of ITYPE = 7, LIST may be used

with any source,

6.6 Statement Listing of ANTSYN

6.6. Job Control Language Statements

[0 ub62hST JUF LU T2 LORREY
FFEALRIN TIHE=3,HFGIUN=22GKTLINES;lkgLARLS=t
J%PrlURITY  PRIURLTY

s

EX: 0 FORTOLOLeLIEZ=55PLLE

J/FURT SYSIN LD =

r*

SAGUGFY cdi

J/GULSYSIN OL w

f#
//

6.6.2 Source Listing

1 D DG ANTLATA en i TP sl 12330, VIILE SERSUSERP Ky 1EF=00 R
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MAIN PROGRAM TO SYNTHESIZE A PATTERN FOR A GIVEN SCURCE.
VERSICN 3 73/164 —-- JUNE 13,1973

WRITTEN BY: FE. L. COFFEY
We Le STUTZMAN

UNGER NASA GRANT: 47-004-103
LANGUAGE: FORTRAN TV

SUEPROGRAMS REQUIRED:
DIRCTY
INPUT
READ
CRGPAT
ANTSYN
SEARCH
CHECK
UPLATE
PAT
SOURCE
LNCS0R
SPLOC
SPECPT
SPSNR
SINPUT
CURREN
PRINT
PRGF IL

- CONTUR
PATCCN
LIST
DESPAT
CATE
STIME
BESY
e« STANDARD FORTRAN LIBRARY SUBPROGRAMS. ..

INPUT/OUTPUT SUPPURT:

FTCSFCC1  {(SYSIN) —-- CARD READER
FTOGFEOOL  (SYSPRINTY -—-  LINE PRINTLR
FT22FCC1  (ANTDATALAB0T7C2)  ~--  AUXILIARY STUOKAGE

STCRAGE RECUIREMENTS: 220K
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A-26
REFERENCE: We La STUTZMAN, "SYNTHESIS OF PENCIL-BEAM ANTENNA
PATTERNS WITH SIDE LOBE CONTROL." VPLESU TECHNICAL
REPORT NO. VPI-71-1,1971.

CEFINE FILE 22{35,9100,E,NREC}

INTCGER TITLT(20)

INTEGER NUMSKP(35),FDESPT,FDESCN,FDESPR

INTEGER FORGPT,FORGCNs FORGPR, FOBPT,FDBCN, FREPR, DIRECT
REAL FDES{51,51),FU(51,51),FL{51,51),F{51,51)

REAL USIS00),vS(500),CORCOF(S0G),CURRIS1,51),CURTISL,S1)
REAL DATAL{401,2),DATAZ2{401,42)

REAL UCRG{1CC},VORG(100),CORG(100)

REAL INITLS,INITLT

COMPLEX SOURCE

INTEGER FCURPT,FCURCN,FCURPR

COMMON /MPROG/ MCUR,NCUR

COMMCN FSTART/ NORG,UORG,VORG,CHRG

CCNMON /PATL/ Pl,PZ,PB,PG,PS,P&,PI,SS€QOO,,TT(QDO},RR{QOO)
COMMON /PAT2/ T11,12413+14415

COMMON /LOC/ ITYPE

DATA TITLE / *ANTE®,INNA *, 'SYNT ', tHESI®, 'S PR', 'OGRAT,
LM ','VERS"'IDN '7‘3 Ll,'EVEL.y' 1 "' 73'1'/164',
§° CLIYPL T,0ELEL Y, DEPY,TT. ! v/

NAMELIST /PARAM/ ID[SK'ISYMH,ITRMAX,BELTAU.DELTAV,STARTU,STARTV;
SMMAX ,NMAX  MCENT NCENT

NAMELIST ZIPRINT/ FDESPT,FDESPR, FDESCN, FDBPT,FDBCN, FORPR,
$FDRGPT,FURGCN.FORGPR,ICURPT,ICURCN;ICURPR,FCURPT,FCURCN,FCURPR,
$CIRECT

BEGIN PROCESSING

9999 CCNTINUE

REAL{22'1L+65650) NUMPAT ¢NUMTRK, NUMSKP, [PASS

FORMAT{ 7544, 11(20084))
NUNPAT=NUMPAT+]

CALL DATE(!1l,J1.,K1}
CALL STIME(IT)
[HR=1T/1C0CC
[FR=IT-IHR*10C0CO
FHR=[FR/1CCCC.
FM=FHR%£C.

IMIN=FV
[SFC={FM—TMIN) %60,
WRITE(G.1) 11,J1+K1 4 IHR,IMIN,ISEC,NUMPAT

1 FCRMATI('1 ANTENMA SYNTHESTS PROGRAM VERSION 3 LEVEL LY,
PaX'WPI EZ UEPT-'!ch'U"\TE = "AZI'“‘"AEQ"""A2|

$5X%, ' TIME Vo124 gl 24 .yl 245X, Y PATTERN V,1a//77)

[
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C LEFAULT PARAMETERS
C .
34 [DISK=0
35 [SYM=0
36 fTRMAX=1CO
37 MMAX=]
3y NMAX=1
39 MCENT=1
4C NCENT=1
41 DELTAU=0.
42 DELTAV=0.
43 STARTU=C.
44 STARTV=0.
45 MCUR=1
46 NCUR=1
47 FDESPT=0
48 FDESCN=C
49 FOBPT=0 gg RODUCIBY 1y OF THz
50 FORCN=0 GINAL PAGE g POOR
51 FORPR=0 R
52 FDESPR=0
53 FORGP T=C
54 FCRCCN=C
55 ICURPT=0
56 ICLURCN=0
57 ICURPR=0
58 FCURPT=0
5G FCURCN=C
&0 FCLRPR=0
61 FORGPR=C
62 CIRECT=C
C
C
C
6% FNCRM=1.0
€4 1SUC=0
€5 DELTAS=C,
66 CELTAT=0.
c .
c
C
C INPUT
o
&7 . READ (5, DARAM)

WHITE(6e1521) IGlhK,ST#RTU;MMAX;iSYMM,STARTV,NMAX,ITRMAX,ELL?ﬁb,
SRCERT e DELTAVeNCENT
1921 FURMATES TR, "PRUOGRAM PLEAMETERSY/Z7S30X " TULISK = Y4llecl Xy YBTARTY =
-‘.—yFC-EgZ’('K"MMAX = ',Ij/3LX,'lSYMM = ',11!?0}11'5“[1&&.-{\’ - '15:1‘,.-:_"
Ly TNFAK = T413/30Xy PITRMAX = Yo JasZiXy P UILTAU = PyleaZ,00Xy
SYMUENT = 45 03765X YHELTAY = 9,F6 3, UX e NCENT = Y, 15///7)
REAL(S iPsINT) )
WRilTedeyives) FLLSPT o FURGPT 9 FLErT g TCURPT S FLURP T o
FL‘FLCN,FLtr\uCN,l*bL("i,ICL!&C'\I.?CUF\LN,
& Flri SHE s FURGP RS FLERFR 3 ICUP PR FOULE PR
Loce FutMall( o bay 'FRESET = P alisEXg VFURCHFT = V41195 X *FIHRPT = Yeil,
FAs 10U PT = " ligSXy"FCURFT = ',11/21X,
AVEDESLN = P9Il bny *FURGEN = 4 Ilypbay PFLUBLN = Ve ilyuXy "ICULRON = ¥y
EllynXe ¥ CURLIN = ¥y JLleEXec X2 VELFIFRE = a1l e xS VFORGER = V.11,
LK Vel @R o= Py T11480, YILURPR = tLlleb Xy VFLURPR = *411//7)
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72
13
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1é
17
te

19
gc
£1
%2

3
B4
€5

&
af
EE
g9

qC
91
92
?3
G4
95
9L
97

Q¢
59
1C0o
161

1c2.

1C4
165
1C6
iC7

1C8
|C:;
ho

111
112

o e

o)

[ e
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CALL INPULT

IFIITYPELEQe Te ANDLICURPRAERS 1) [CURPR =2

IF (ITYPELEQLT «AND. FLURPR.EQ.L) FLURPR=Z

CALL LCOCSCROLl 41, INITLS,INITLT)

CALL LOCSOR(MCUR,,NCURLFINALS,FINALT)
[F{MCUR.NEL1) DELTAS=(FINALS-INITLS)/(MCUR-1)
FF{NCUR.NELL)Y CELTAT=(FINALT-INITLT)/{NCUR-1)
CALL CESPAT(FDES.FU,FL 4 MMAX,NMAX,STARTU,STARTV,
$CELTAULDELTAV)

IF(FDESPT} 300,300, 301

301 WRITEI6,302)

102 FORMATCLHLZZZAAIII7 LA 2200 P17 77755X, PDESIRED PATTERN 1IN DB}
CALL PRINT(FDES,MMAX,NMAX,STARTU,STARTY,DELTAU,CELTAV)

3CC IF(FDESCN) 3G3,303,304
3G4 CONTINUE
CALL PATCON(FDES MMAX,NMAXsOp=Ca5s1a3:0.2,STARTU,STARTY,
$CELTAULCELTAV  NUMPAT,,ISYMM)
IC3 [F{FDESPR}Y 3C6,306,3C7
307 [F(MMAX.LEL1) GO TO 308
WRITE(&,31C) NUMPAT '
31C FORMAT({1H1,1CX,'U-AXIS PROFILE OF DESIRED PATTERN ',la//
$12X,‘U'.1&X.'V'yISX,'FDES(U,V)',[UX.'FU(U.V}',lEX,‘FL[U,Vl‘I)
V=STARTV+ (NCENT-1}*DELTAV
o0 309 [=1,MMAX
UsSTARTL+{I-1)*DELTAU
309 WRITE(6,311) UsVaFUES{ISNCENT),FULT,NCENT),FLIT,NCCENT)
2311 FORMATUICOX s F7e4410X,F7.4,10X33(FF.4,10X)}
1cE IFINMAXLEG. LY GO TO 3Cé

WRITE{E,312) NUMPAT
312 FORMAT(LIHL 10X, 'V-AXIS PROFILE OF DES[RPD PATTERN *, 147/

12X, LT, 16X, VY 15X, TFOESIUL VI T 10X "FULULV) T 12X 'FLIL, V)Y /)
U=STARTU+IMCENT-1)*DELTAU
0N 213 J=1.ANMAX
V=STARTV+{J-1)*DELTAV
313 WRITE(H,311) UV, FOESIMCENT 2 J) 4FUCMCENT 3 ) FLAMCENTJ)
306 CONTINLC ' .

ENTER CRIGINAL PATTERN

CALL CRGPATIF MMAX NMAX,STARTULSTARTV,DOLTAU, UELTAV,
$CURRZCURT 4 MCURGNCUR)

CUTPUT CF CRIGINAL PATTERN

IF(FORGPT) 40C,40C+401

401 WRITE(6H,402)
GC7 FORMAT(NHYZLIIIIZFIL A7 7777777 755%, VINLTEAL PARTIRND )
CALL PRINTUF ,MMAX  NMAX,STARTU,STARTV,DELTAUL,DELTAV)

400 IF{FORGCN) 403,403,404
404 CONTINUF
CALL PATCON(F,MMAX NMAXy Lo=0Ua5y1la350.2,5TARTU, STARTV,0CLTAU,
SOELTAV, NUMPAT ,ISYMM)
407 IF{FORLPR) 4CEL4C6,407
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113 DC 408 J=1,401
114 U=(J=1)%C.C05-1.C
i1s v=U
116 ' SUrL=0.
117 Sumrv=_C.
118 CO 409 K=1,NORG
119 SUMU=SUMU+CORGIK)I*PAT (U= —UORGIK Y ,—VORGIKY, ITYPE)
12¢C SUMV=SUMY+CORG(K)*PAT(-UORGIK} 4V- -VORG{K) , ITYPE)
121 409 CONTINUE
122 DATAL(J,1)=U
122 CATAL(J,2)=5URY
124 CATA2(J,1)=V
125 CATAZ{J,2)=SUMY
126 408 CONTINUE
127 IF(FMAX.LE.1) GO TO 2601
128 WRITE{6,4101)
129 410 FORMATI{1H] 25X, 'U-AXIS PROFILE OF INITIAL PATTERN')
13¢C CALL PRCFIL{CATA1,4C1,NUMPAT)
131 2801 IF{NMAX.LE.1) GO TC 40¢&
132 WRITE{G,411)
133 411 FCRMAT(1H1,25X,'V-AXIS PROFILE OF INITIAL PATTERN'}
134 CatL PRUFILID&TAZ,#Ol,NUMPATI
135 406 CORNTINUE

C CRIGINAL EXCITATION

C
13¢ IFCICURPT) 5CG45CC,501
137 S01 WRITE(6,502)
138 502 FCRHATIIFIf////ff//////f/////////!/SSX,'INITIAL CURR )
139 CALL PRINT(CURR MCUR GNCURyINITLSINITLTDELTAS,DELTAT)
140 WRITE(&,5H2) '
141 G582 FORMATULRYLIZLLIIZIII /177700777277 7855X INITIAL CURL")
142 CALL PRINT(CURT 4MCURGNCUR, INITLS ¢ INTTLT UELTAS,CELTAT)
143 500 IF{ICURCNY 503,503,504
144 504 WRITE(6,505)
143 5C5 FURNAT(1H1//I/f/lOXv'INIT!GL CURR")
L4é& © CALL CONTUR({MCUR,NCUR,0.CC5,~0.04,0.04,0.0,CURH,NUMPAT)
147 WRITE(H45E65)
148 585 FCRVATIIHL/Z//7//710X, VINITIAL CURI?Y)
149 CALL CONTURIMCUR ¢NCUR$CaCCS3~0ab,0.04,0.0,CURLNUMPAT)
150 503 IF{ICURPR=-1) 606,507,514
151 5C7 [F(MCUR.LF.I} GO TO 508
152 WRITHELE,51C)
153 510 FORMATIIHI,10X,'S AXIS PROFILE OF INITIAL CURRENTY//

$I3X, 'S LI T X YT 18X, YREALY 12X, IMAGINARY ', 10X, "MALNITLLE",
$12%, "PHASE' /)

154 J=hCUR/Z2+1

155 Lo %49 1=1,MCUR

15¢ CALL LOCSGR{IsJyS»THITYPE)

157 AMAG=SQERT{CURRIT,JI#%24CURT{ T J)*%x2) -
158 IF{AMAG.EG-0.) APH=0.

i59 [FIAMAG .t .Ce) GO TUH 509

L&n APFR=ATANZ{CURI(T4J),CURRIT 4 J)}*5T7.2957795

161 509 WRITE(6,511) S,TL,CURRIT,J),CURILLJ}sAMAG,APH

1e2 511 FORMAT(S9XF8.449XsFELA,10X,4(E14.7,5%))
L. .



163
1&4
16s

1¢e
167
le8
169
17¢

171
172
173
174
175
176
177
174

119
18C
lut
182
1873
le4

1€5
186

187
18%&
1839
130
ig1

162

192

194
163
196
197
19¢e

169
2C0C
201
2ce
2C3

[ B

508
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IFINCUR.LEL1) GO TC 506
WRITE(6,512)

512 FORMAT(1H1,10X,'7T AXIS PROFILE UF INITIAL CURREXNT® //
$LAX P ST W1 TX YTy 18Xy "REALY 12X, IMAGINARY ' 1GX, "MAGNITUDEY,

513

514

$12X,"PHAST /)

[=MCUR/2+1]

B0 513 J=1,NCUR

CALL LCCSOR(I14J+4S+THITYPE)
CR=CURRIUI.J)

CI=CURI(I,J)

AMAG= SORT[CP*CR+CI*CI)
[IF{AMAG.EQ.OL) APH=C.
IF{AMAGLEC.C.) GO TO 513
APH=ATAN2(CT,CR)}%57,2957795

WRITE(EL4511) S4T,CR,C14AMAG,APH

GC 100 506
WRITE(6,515)

515 FORMAT(IH1///10X,*INITIAL ELEMENT CURRENTS'//5X,
S0, 10K, 'S, 15X, ' T, 15X, VCURRY 11Xy *CURT )

50¢&

4747

63

977

498
15

Do e

491

49¢

915

9748

289

CaLL LIST{CURR,CURI,MCUR,NCUR)

CONTINLF

IC=0
WRITE{6,4T47)
FORMAT{IHL}

CALL ANTSYN (ISUC ,MMAX,NMAX, FDta'FU FLpITRMAX, [ SYMM

$oVS STARTUL,DELTAY,,STARTV,DELTAV, MCENT,

PRINT OUT RESULTS

WRITE (6,391}

FURMAT L HL s 92X "~  FINAL COEFFICIENTS

SPUSIJD 'y 7X, 'VSTJ) ', 5%, "CORCEF(J)1//)

IF{IC.LEL0) WRITE{6,977)

FCAMAT(1IO0X,"NC ITERATIGNS PERFOXMED?)

[FLIC.LELC) GO TO 978
CO 498 J=1,1IC

WRITE(6,35) J,yUS(J)Y,VS5LJ}CORCOF(D)
FGRMAT(QAX'I3'SX’F1;ﬁ15&vF7.4,5X,?7.4)

wRITetloedtTa)

TURMAT U/ 745X e ") s X TULRGLU) Yy

POy SETT J=21 o NORG

+LORCOF L 1L, U5

NCENT,ITER, ENORM,F)

S SN

'!?X'

Xe WORGIII Y yX WLHRLLIN YY)

WRTTelesds) JoUDRGH) s VORG [J) 4 CUKG ()

WRITE(£,497) ITER

FCRMAT(1HQ 9%, tNUMBER OF ITtRATIDNS =

hQITE(ﬁ £96) FNURF

HRITE(6'976) NUMPAT
FORMAT{1HO 9%, * PATTERN NUMB

CUTPUT FINAL PATTERN [N

CONTINUE

B0 29 J=1,MMAX

LC 29 K=1,NMAX
IF{F{J,K}) 290,289,290
F(Jyk)=-2CC,

ER

I

HUMPAT

.y

I16)

1,151}
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204 GO TO 29
2C5 290 F(J,K)1=20.%ALCGLO{ABS(F{J,K)))
2C6 26 CONTINUF
C
C
2017 [FIFDRPT) 600,600,6C1
208 601 WRITE(64602)
209 607 ECRMATALHYZZZZAFITEIPP7IL07 1117/ 7755XK,s "FINAL PATTEYN IH DB.t)
21¢ CcaLL PRINTUE JMMAX o NMAX . STARTU, STARTV, DELTAL,DELTAV)
C
211 600 IF{FDRCN) 603,603,604
212 604 CONTINUE
213 CALL PATCDN[F,MMAX.NMAX.Z,-#S.,O.G,S.O,STARTU.STARTV,
$UELTAU,DELTAV NUMPAT, ISYMM)
214 __M)QQE"LF(EQﬁRE}”606.606.607 B N
215 607 CONTINUE
216 0O 608 J=1,401 '
217 L=({J-1)1%C.005-1.0
218 V=y
219 SUMU=0.
22¢C SUNV=0.
221 LO 609 K=1,1C
222 SUML=SUMU+CORCOF (K} #PATIU-USIK) 4-V5(K) ,ITYPE)
223 SUMV=SUMY+CORCOF (K #PATI-USIK},V-VSIK}, [TYPE)
224 609 CONTINUEL
225 CATAL(J,1)=YU
22¢ DATAZ(J,1)=V
227 DATAL(J,2)=CATAL(J,2)+SUMU
228 DATAZ2(J,2)=0ATAZ{J,2)+5SUMY
229 CATAL{J,2)=NATAL(J,2)%FNORM
230 CATA2(J,2)=CATA2(J,2)%FNORM
231 6086 CONTINUE
2132 [FI{¥MAX.LEL1) G0 TO 2901
233 WRITE(&,610) {
234 510 FCRMAT(1H1,25X,'U-AXIS PRCFILE OF FINAL PATTERN')
275 CALL PRCFIL{DATAL,4201,NUMPAT)
21¢& 2901 TF(NMAX.LE.1) GO TO 6C6
237 WRITE(6ekll) ,
23k 611 FOCRMAT{1H1 25X, 'V=AXIS PROFILE OF FEINAL PATTERN')
239 CALL PROFIL(DATA2,4C1,NUMPAT)
24C 606 CONTINUE
C
e
C _
241 IF(FCURPT+FCURPR+FCURCN JLE. 0) GO TO 106
242 CALL CURREN(CURR,CURI,MCUR,NCUR,US.VS,CDRCOF.!C]
C .
C FINAL EXCITATICN
c .
243 IF(FCLRPTY 7C0G,7C0, 701
244 101 WRITE{6,702)
245 702 FCRMATULHL/ZZZ/I2287FFLEEF 07077/ 1755%, "FINAL CURRY)
246 CALL PRINT(CURR,MCUR,NCURyINITLS, INITLT,DELTAS,DELTAT)
247 KRITE(E,TB2)
244 7182 ECRMATIYRYZ/SZASIILIP 08007777 7777755K, "FINAL CURIL')
249 CALL PRINT(CURI,»MCURyNCUR,INITLS, INITLT,DELTAS,DELTAT)
250 7CC IF(FCURCN) TC3,7C3,704 '

251 704 WRITE(6,705)



252
251
254

255 .

25¢
251
258

259

2&0

2é1l
262
267

264
265
266
2¢7
268
265
21C

271
212
273

274
275
216
217
278
219
28¢C
281
282
2673
284
285
2E6E

287
288

289
290
291
292

292
294

© 265

C

Y
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7C5 FCRMAT(LR1/////710X, ' FINAL CURK")
CALL CONTUR{MCUR ¢NCURCo005,3-0.0%40.04,0.0,CURR,NUMPAT)
WRITE(6.76%)
785 FORMAT(LHL/////710X, 'FINAL CURLY)
CALL CONTUR{MCUR,NCUR,0.005,-0.04,0.044+0.0,CURINUMPAT)
703 IF(FCURPR-1) 706,707,711
707 IF(NCUR.LE.1) GO TG 70H
WRITE(6,710)
71C FORMAT(1K1,10X,'S AXIS PROFILE OF FINAL CURRENT'//
$13X, 1S L TX, " T, 18X, "REALY, 12X, " IMAGINARY Y, LOX, "MAGNITULC !,
$12%, VPHASE Y /)
J=NCUR/2+1
DC 709 1=1,MCUR
CALL LCCSCRUT,J,8,T,ITYPE)

CR=CURRIE4.])
CI=CURI(I,J)
AMAG=SCRT(CR¥CR4+CI*CI)
IF{AMAGLEQ.TC.) APH=0.
IF{AMAG.EC.DL.) GO TC 709
APHE=ATAN2{CI,CRI*57.2957795

709 WRITE(64,511) S,T,CR,CI,AMAG,APH

708 IF(NCURJLLEL.1) GO TO 706
WRITE(6,712)

712 FORMAT(1H1,10X,'T AXIS PROFILE OF FINAL CURRENT'//
$13X.'S',l?x,‘T',[BX.'QE&L‘,]ZX,'IMAG[NARY',IOX,'MAGNI]U“P'
$12X,*PHASE®/)

[=MCUR/2+1

CC 713 J=1,NCUR

CALL LUCCSCRIT9J+S5+T4ITYPE)
CR=CURRI(I,J)

CI=CURI(1,J}
AMAG=SORT(CR*CR+CI*C1)
IF(AMAG.EQLCL) APH=C.

IR (AMAG.EQ.C.) GC YG 713
APH=ATANZ2(CY,CR}*57.20957795
713 WRITE{6,511) S,T+CR,CI+AMAG,APH

GG TO YC¢

711 WRITE(&6,714)

714 FCRMAT(IHLI///10X,*FINAL ELEMENT CURRENTS'//5X,
$V UYL 1CK ST L 10X T, 10X*CURRARY 15X, "CURT")

CALL LISTICURR,LCURI MCURZNCLR)
f06 CUNTINUE

ICGUNT=NUMPAT
WRITE{(Z2?'1,885C) ICOUNT,NUMTRK NUMSKPy [TPASS
‘IF{LIRrFT £0.0) 60 10 5998
CALL DIRCTVICCRGLUURG,YORG NURG,US,VS, COURCHF o TC ¢ MMAX, NMAX,
$CIRCRG,LIRFENL)
WRITE{E,6769) OIRORG,DIKFNL
&189 FOWMAT(v) DIRORG = ',F7.2,% Dt/
$*0 EIRFNL = ', FT.2,% D22,.1)
G99t CONTINLFE
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2Q# IFLIDISKLECLCY GO TO 9997
4 IFIIDISK.EG.1 -AND. ISUC.NE. 1) GO TO 9997
) C CISK CuTrur
268 OO 7CCC J=2435
2973 I[F (NUMSKP(J) +EQ. O} GG TO 7001
306 1CCC CONTINUE
ELop WRITE(E,TCC2)
362 7C02 FORMATI{'C: NO DISK SPACE AVAILABLE -— DATA NCT STOREU')
c GG TC 9999
IC4 7001 CONTINUE
C
C SPACE IS AVAILABLE ON RECOROD "J*
C
305 NUMSKP(J)=1
306 WRITE(27'1,8850) NUMPAT, JoNUMSKP, IPASS
67 WRITE(22YJ,8850) NUMPAT,TETLE, [SYMM, ITER, ISUC, FUURM, IDI%K,
$NORG 10, [UGRGIM) o VORG(M) yCORGI{M) ,M=14NURG],
£{USIM),V5(M) ,CORCOF(M) M=1,ICY,ITYPE,PL,P2,P3,P4,P5,P6,
$PT, (SSIN),TTI(M),M=1,400),11,12,13,14,15,MCUR,NCUR
30¢ WRITEIG6,70C3) NUMPAT,J ,
3CS "7003 FCRMATI('C PATTERN NUMBER ',I4,' HAS BECEN STORED ON RECORL',
$14, OF ANTDATALAS07C2Y) .
31¢ 3997 GO TO 9999
331 CEND
312 SLUBROUTINE CIRCTV(CCORG sUGRG ,VORG e NORG US4 VS CORCOF, 1T, MMAX, NMAX,
1 CIRORG,CIRFNLY
o THIS SURRGUTINE CALCULATES THE DIRECTVIVITY OF THE (RIGINAL PATTERN
C ,GIRCRE, AND OF THE FINAL PATTERN, DIRFNL
313 DIMENSION CORGU1CC) yUORG(1CO) 4 VORGIL00) 4US(500) ,V5(5CC),CERCLFISG0
$)
314 COMMON /LOC/ ITYPE
315 FORGSC=C.
11¢ FSC=0.
317 FMaxt=0.
318 FrNAX2=0.
319 gn 10 4=1,101
12¢ Uz—1.,04{J=1)%C.02
321 CC 10 K=1,101
322 V=—1.0+{K-1)%0,02
323 UVSG=UHL+VEY
324 F20. :
325 IFIUVSC.(E.1.0) GO TC 10, .
C
C
32¢ [F{NCRG.LE.D) GO TO 25
327 DG 20 L=1,NCRG
324 2C F=F+CORGILI*PAT(U~UGRGIL) ¢ ¥V=VORGIL) »TTYPE)
FCRGSE=FORGSG+FE%2/SCRT(1.0-UVSE)
[ [FIABSIF) .GT. FMAXL) FMAX1=ABSI(F)
111 25 CONTINUE



A-34

332 FSC=FCRGSQ.
LY EMAXZ=FMAX]
2 - [F(IC.LELD) GO TO 1€
335 £O0 30 L=1,1IC
33é 3C F=F+CERCEF[L)*PAT(U-US!L),V—VS(L),ITYPE)
27 ESC=FSu+F*%2/SQRT(1.0-uvsSQ)
338 IFIARSIF)GTLFMAXD) FMAX2=ABS{F]}
31139 1C CONTINUE
34C FDRGSQ=FURGSG*0,0004!FHAX1
34] FSC=FSE*C.CCCa/FMAX2
342 CIRCRG=4.,0%3.14159265/FORGSD
3413 DIRFNL=4,.0%3,141592865/F50
C
C
344 DIRCRG=1C.*ALOGLIO(DIRORG)
344 CIRENL=1C.*ALCGIO{DIRFNL)
I4€ RETURN
RN ENC
A48 SURKOUTINE INPUT
C
349 INTEGER PX,PY
35C REAL LXSLY,INITLS,,INITLY
C
C
351 CCMMON /PATL/ Pl.Pz.PB,P4.P5.P6,PI,SSl400}.TT(400),RR(QGO)
352 COMNMON /PAT2Z/ 11,12,13,14,15
353 COoMMON JL0GC/ TTYPE
354 COMMON /MPRGG/ MCUR(NCUR
385 CONMMON /SYN/ LY, LY
C .
C .
3%6 NAMELIST /PATIN/ LXeLY o PXaPY DISX,DISY,INITLS,0ELTAS,FINALS,
$!N!TLT.DELTAT,FINALToNELMT,ARAU,ITYPF.MCUR.NCUR
¢ f .
357 WRITE(G,10)
35¢ 16 FCRMAT(//Z777755%,'SCURCE SPECIFICATIONS'//)
156 P1=2,14159265
360 READ(S.PATIN)
361 [FCITYPZ.GT.7) GO TO 990 '
362 GC T4 t1GC,200,300,L00.500,600,7001. ITYPE
3€3 WRITE(&,2C) ITYPE
T I0 FOCRMAT(1HD,, 9K, VEXXERROR &% K ITYPE HAS THE VALUE *,I11,"'3%,2X,
$YEXECUTICN TERMINATLDY)
265 STCP
C
C .
366 1CC Pl=LY
3e7 P2=INTITLT
3 P3=DELTAT
g LX?C.O ‘
370 NCLR=(FINALT-INITLT)/DELTAT*1.5

371 MCLR=1




irs
376
317
318
378
agc
381
382

383

384
385
366
367
388

X

391
392

393
334
355
196
357
394
359
4GCC
401

402

403

FTS

4C6
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WRITE(6,101) LY, INITLT,FINALT,DELTAT,NCUR
1C1 FORMATIICX,'ITYPE=L -— UNIFORA LINE SOURCE'//1SX,'LY = ',F1.3//
$15X, VINITLTFINALT,DELTAT: 30 1X,F8.4) /715X, *NupER OF S5AMPLE PUIN
$TS = NCUR = ,13) .
GO TO $99
¢
c
2C0 Pl=LY
11=PY
LX=C.C
P2=CISY
NCUR=PY
MCUR=1]
WRITE(6,2C1) LY,PY,DISY
201 FORMATU10OX,'ITYPE=2 -- UNIFORM LINEAR ARRAY'//
$15%X, LY = *,F7.3//15X, "NUM3ER UF ELEMENTS = *,13//15%, "INTER-ELEME
ENT SPACING = ',F6.3) :
GC TO $99
C
C
30C Pl=LY
LX=0.0
P2=INITLT
P3=CELTAT
NCUR={FINALT-INITLT)I/UELTAT+1.5
MCLR=1
WRITE(E,3C1) LY, INITUT,FINALT,DELTAT,NCUR
301 FCRMAT(1CX,tITYPE=3 -- TRIANGULAR LINE SCURCE'//
$15X%,°LY = V,FT.3//15X,'T VARIES FROM *,FB.4,"' TO *,F8.4 5%,
$YDELTAT = ',F6.2//15X, *NUMBER OF SAMPLE PCINTS = NCUR = ',13)
GC TO 999

oy Oy

4CC Pl=LX
P2=LY
PI=INITLS
PAH=INITLT
PS=CELTAS
P6&=RELTAT
MCUR=(FINALS=-INITLS)/DELTAS+L.5
NCUR=(FINALT-INITLT)/DELTAT+1.5
WRITE(6,+401) LXyLYs INITLSyDELTAS,FINALS,INITLT,0cLTAT,FINALT 4MCUK,
$NCUR :

401 FORMAT{L1COX,'ITYPE=4 ~— UNIFORM RECTANGULAR APERTURE'//
$15X, 'OIMENSIONS = LX4LY = ', FT.ay,' o+ "SF7.4/7
$15X, *INITLS,NELTAS, FINALS: * 43 FB.asiX)//
$I5X, *INITLT ,CELTAT,FINALT: *,3(F8.4,1X)//
$15X, "MCURGNCUR: *,2{13,2X))

GCC TG 9499

C

C

5CC Pl=LY

pz2=LY
o I11=PX
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eng P3I=0ISX
9 P4=01SY
41C NMCUR=T1
411 NCLR=]?
412 WRITE(6:+5C1) LXsLYsPX,PY,DISX,DISY
4513 501 FORMATL1UX,*ITYPE=S —-- UNIFORM RECTANGULAR ARRAY'//

$15)€,‘E[NENSIUNS = LX’LY 'QFTQ“*'. ¥ '1F7-(1,I

$15X, "NUMBER OF ELEMENTS PXePY = 1,13,% , ',13//

$15X, " INTER-CLEMENT SPACING = DISX,DISY = ?",F6.3s" » ',F6.3)
414 GO TO 939 : ‘

C
o

415 6CC PL=ARAD

41¢ P3=INITLS

417 Pa=INTTLT

418 PS=0ELTAS

419 PO&=DELTAT

420 LX=ARAD%2,

421 LY=LX

427 MCUR={FINALS-INITLS}Y/DELTAS+1.5

4273 NCUR={FINALT-INITLT)/DELTAT+1l.5

424 WRITE(6,601) ARAN, INITLS»DELTAS, FINALS, INITLTDELTAT,,FINALT»MCUR,
§NCLR :

425 601 FORMAT(ICX.'1TYPE=6 -- UNIFORM CIRCULAR APERTURE!'//
S15X,"ARAL = %4FT7.3//15X, VINITLS,DELTAS)FINALS: *,3(Fb.4,1X)//
$15X, P INITLT,DELTAT,FINALT: *,3(FB.44,1X)//
$15%, 'MCURSNCUR: *,2(13,2X})

426 GC T 9693 -

C
C

427 7CC [L1=MCLR

427 [2=NCUR

429 LX=1.0

43¢ LY=1.C

431 NELMT=i1#[2

432 WRITE(6,701)

4123 701 FORMAT(LCX,'ITYPE=7 —— GENERAL ARRAY'//

_ $15%, VELEMENT Y o TX o "SS{UI ', LaX,*TT(J} ")

434 DC 702 J=1,NELNT '

629 READIS5,7C3) SSUJ).TT{J)

426 703 FORMAT(3F1C.C) ,

437 WRITE(6.704) J,55(J),TTLL)

43¢  TC4 FORMATILTX,1345X+3(E14745X))

429 7C2 CONTINUE - '

440G GO TO 999

441 390 CALL SINPUT(PX,PY,DISX,01SY, INITLSyDELTAS,FINALS,INITLT,
SLELTATLFINALT 4NFLMT, ARAD,ITYPE)

442 G556 RETURN -

R ENC
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460
4€E1
462

4673

464
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467
468
466

471G

471
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SURROUTINE READ (F,VMMAX, NMAX )
DIMENSION F{51+51),1(61}, VAL{6&}

CC 100 J=1.MMAX

K2=0

2CC CONTINUF

REAC(S,1) ([L)4VALIL)sL=1,06)
1 FCRMAT(6(I3,F1C.01)
CC 20 L=1.6
[1=1(1)
IF(I1.E6.C) 60 TO 1C0
Kl=K2+1
K2=Kl+11-1
DO 10 K=K1.,K2
1C FUJ,K)=VvALLL)
2C CONTINUE
IF{K?.LT.NMAXY GO TO 2CC

10G CORTINUE

RETURN
END

SULKGUT ENG e SP el FTE Sy FUFLaMMA XN y NAAXy L TARTU STARTVyE L LT AL,
miELTpV)
GlIMENS TN Q'LC..‘}IQJI.)’E“L( 1,51 3,FLIS 1,91

THIS Lialls THE DESIRLL Pﬂ?TEKN AND UPPER alhi LOHER LIMITE

CALL RueATHP DL S g MMAX o N#A X)
CALL ReaD(FLUgMMAX g NMAR
CALL READ(FLyMMAAINMAK]
RETURN

ENL

SUBROUTINE GRGPATIE ,MMAX,NMAX,STARTU, STﬁRTV,ULLTAU DELTAV, CURR,
$CURT #MCLR$NCUR)

REAL F(51+5L},CURR(51,511), CURI(JL'SI}

REAL ULCRG(1CC)YsVORG(100},CCRGI10O)

COMPLEX SOURCE

CCMPLEX TEMP

COMMON /START/ NORG,UGRG,VORG, CORG

COMMON /L0OC/ ITYPF

THIS CRGPAT WILL BE "WOCOWARD-LAWSON" INPUT.

CO 10 M=1,MMAX
LC 10 N=1,NMAX

1C FivMNI=C.

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR



473
4746

15
76
477
478

479
4€0
481
487
483
484
485
48é
487
4EE
489
490
451
492
491
494
495
49¢
497
498

'99

ko
5C1
502
503

5C4

5CH

2C6

5C7
aCé
5C9
51¢C
511

512
513
514
515
516

15

17

3C

4

50
20
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0O 15 M=1,MCUR
CC 15 N=1,.,NCUR

CURRIM4N)I=0.

CURT(M,N)=C

WRETE(E,1T) '
FORMAT(1HL 450X "~-— INITIAL COEFFICIENTS —=1//645%,'J',6X,
$UUORGIJ) " 45X "VORG(J) Y ,6X,"CORGIY) /) :
REAC(5,1) NORG

FCRMATII®)

DC 20 1C=1.NCRG

READ(5,2) US,VS,CORCCF

FORMAT(3F1C.0)

LCRGL[C)Y=US

VORG{IC)I=VS

CORGIIC)=CCRLOF

0CC 30 M=) ,MMAX

U=STARTU+{NM-1)%DELTAU

Du=L-us -

CO 30 N=1,NMAX

V=STARTV+(N-1)%CELTAV

DV=y-V5
FIMyNI=F(M,N)+CORCOF#PATIDU,DV,ITYPE)
CC 40 M=1,MCUR

T 4C N=1,KCUR
TEMP=SOLRCE{M,N,US,VS,ITYPE)
CURR(MyN}=CURRIM,N)+CORCOF#*REALITEMP}
CURT(MyN)=CURI{M,N)+CCRCOFXAIMAG(TEMP)
WRITE(E,5C) 1€ US,VS+CORCOF

FORMAT (44X, [3,5%,FT.445X, Fl 495X FTud)
CONTINUE

RETURN

ENE

SUBRCUTIKNE ANTSYN({ISUC,MMAX,NMAX,FDES,FU,FL, ITRMAX,ISYVM,CORCOF,
$ICUS VS, STARTU,DELTAU,STARTV,,OELTAV,MCENT 4NCFNT,ITER,FNURM,T)
REAL FDES(S51+511FUIBY511sFLI51,+51),F(51,51})

REAL UqlﬁOPl'VS(SOO} CFRCGF(SOO) CLHGT LU s VIRGIIEC )2 CORGLILG)

T UREAL LY LYyLXY

27

15C

151

COMMUM 22 TAKTZ NORLUURG, VOKG yCURG

COMMON /SYN/ LX,LY

LXY=1./8MAXLILX,LY)

ITER=0Q

ITER=TTER+1
NCGRMALIZE...

FBIG=F(NCENT,NCENT)

DO 150 M=1,MMAX

CO 150 N=1,NMAX

FAM,N)=F{M,N)/FRIG

FNCRM=FNORM/FBIG

DO 151 I=14NORG

CORG(I ) =CORGEIN/FBLL

IF{1C.trel) GO T 153

LU 192 1=1,iC

CORCSF (D) =LURCOHLTID/ZFEIG

LONTINUC
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L
C —= ITERATION PRUCEDURE ~-
L.
£
¢ SEF IF SPECS ARE HET,
(.
DU o2a JEQgMMAX
U=5TARTU+ {J=1 Y *DELTAU
L) Pl A=) glMAX
YESTAKTVH AR -1 ) 2DELTAY
LVEUsURUrVRY
CLFAUVSHLLTe3eG) BU TE 24 o
519 IF(FDESLJ,K}.EG.99,) GO TO 24
520 IF{FL{J,K).LE.C.00001 .AND. ABS(F(J,K}).LE.L1.E=4} 50.TO 24
521 X1=ABS(F{J,K)]
522 . IF{X1.GT.FU(J,K)) GO TO 25
523 [F(FLIJ,K).EC. 99.0) GO TO 24
524 IF(X1.LT.FLUJ,K)) GO TG 25
525 24 CONTINUE
526 1suc=1
521 [C=1C+1
C
C SPECS ARE MET ~— PROCEDE TO PRINTOUT.
C
528 60 10 75C
529 25 CONTINUE
C )
C SPECS ARE NCOT MET AT POINT (J,K) )
c
C
.36 [C=1C+1 - |
531 IFCITER/ICC*1CC LEQ. ITER) WRITEI6,7117) ITER
532 7117 FORMAT{10X,1€,' ITERATIONS COMPLETED?')
533 IFLITER-TTRMAX) 22,22,23
534 23 WRITE(6,34) ITRMAX
535 34 FORMATILHC,9X, 'NUMBER OF ITERATIGNS EXCEEDED', 19/

F10Xy "PRINTCUT CF [NTERMEDIATE RESULTS FOLLGWS.')
53¢ 6C TC 7»¢C o

5137 22 CONTINUF
C
C FING RELATIVE MAXIMUM ERROR
C .
538 CALL SEARCHUJ K2 VAL 4FOESyFUSFL  FyMMAX , NMAX, STARTULSTARTV,,TGELT AU,
$CELTAV)
539 IF{VAL.NE. 0.0) GC TC 248
C VAL FOQUALS ZERD
540 WRITE(6,1C0}
541 1GC FCRMATI('Q ERROR IN SUBROUTINE SEARCH —= VAL=C.?')
542 GO T 75C
543 248 Ul=(0J-11*DELTAU+STARTU
544 VI=(K=-1)20ELTAV+STARTY
545 IFCARS(ULY.LF.O0.1%DELTAU) UL=0.
54¢ IF(ABS(V1).LE.OQ.1*DELTAV) V1=0.
541 [FILX.EQ.Q.) GO TC 1000
S4a¢e TF(ULaNELCe ANDS. ABS(UL)LLE. O.5/70LX)  VAL=VAL/Z.
19 ICCC IFILY.EC.C.) GC TC tCC}

550 IF(VILNELO. LAND. ABS(VI) .LE. 0.5/LY) VAL=vaL/2.



551
552
553
554
555
556

551
558
559
5€0

5¢61
9¢2
5¢3
564
5€5

5¢6
S5€7
5¢8
569
51C
571

512
573

514
575
576
511
578
ST

580
5¢1

SEZ
583
524
5685
5¢&
587

584
589

59C
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SYMV.NE.4) GC TO 1001
ii;—_!}w C PRECEDING PAGE BLANK NOT FILMED

yv=ABStABS(UL)- -ABS{V1)}
IFIUV.EQ.0s) GC To 100t
lFlUV*l.ﬁlé.LE.LXY) VAL=VAL/2.

1001 CONTINUE

(“Uﬂlﬁ

BASIC-CORRECT]DN -— INDEPENDENT OF ISYMHM

ustic)=ul

vS{IC)=vi

CORCCF{IC)=VAL

CaLL LPDATEI!CsUS-VS,CORCDF'F.MMAX,NMAX.FNURM,STARTU,STARTV
$,0ELTAU,DELTAV})

CALL CHECKR(1C,VAL, US;VS;CURCUF,!ELTAU.DELTAV!

IF(ISYMM) 26,27,26

26 CONTINULC
IF{ISYMM=2) 261,260,260
260 CONTINUE

V=AXTS AND GUADRILATERAL SYMMETRY -—- [SYMM = 2,3,4

(e N

[FIUl1.EC.0.) CC TO 261

IC=1C+1

USIIC)==-Ul

VSLIC)I=Vl

CORCOUFIICY=VAL

CALL UPCATE(IC,USsVS+CORCOF,FsMMAX,NMAX, FNCRM,STARTU, STARTV
t,DELTAU,CELTAV)

CALL CHECK{IC,VAL,US,VS,CORCOF,DELTAU,BELTAV)

261 IF(ISYMM-2) 259,27,259

U-AXTIS AND GUADRILATERAL SYMMETRY -—= [SYMM = 1344

laNeaEe]

259 [F{V1.EC.N.) GO TO 262

[C=1{C+1

ustIc =i

vSLEIC)=-vl

CCRCOFLICI=VAL

CALL UPCATELIC USsVSeCORCOF +F4MMAX, NMAXyFNCRM, STARTU,STARTY

$,0FLTAUL,CELTAV)

CALL CHECK{IC,VAL,US,vS,CORCOF, DELTAL, UELTAV)
262 IFLISYMM.LTL2) GO TO 27

C
C CUADRILATFRAL SYMMETRY ONLY =— ISYMM = 3t
C ' '

IF{Ul.EGoCa-CRJV1I.EG.CL) 6C TO 2745

IC=1C+1

vSric)=-L1

VS(IC ==V

CCRCLELT1CY=VAL
caLL CPCATELEC, LUS.VSy CORCOF s F MMAX , NMAX, FNORM,S5TARTU, bTAkTV

$ UELTAU,CELTAV)
CALL CHECK{IC,VAL,US,VS,CORCOF,DELTALL,DELTAV)
2745 IFLISYMM LTL4.CROITEMPLEC.LY GU TO 27
C
C FUOR RIQUACRILATERAL SYMMETRY ONLY —-= ISYMM = &
c .

ITEMP=]
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561 [FLUL.EG. V1Y GC TO 27
592 IC=IC+1]
593 UTEMP=UL
554 VIEMP=V]
595 Ul=VTEMP
596 V1=UTEND
597 GO TO 1CC1
558 75C CONTINUE
569 [C=1C~1
6CC ITER=ITER-1
Xth: RETURN
6072 END
£C3 SUBROUTINE SEARCH(I14J1,VAL,FDESsFU,FL,EsMMAX,NMAX,STARTU,
$STARTV,DELTAULDFLTAV)
604 " OREAL FUIS51+51)sFL(S1+51)3F(5E551)4FOES(51,451)
£CS VAL=0. ‘
ECE FMAX=0.
&07 12=11
608 J2=J1
£C9 GC 10 J=12,MMAX
€10 U=STARTU+(J-1)%DELTAL
611 CC 20 K=J2,NMAX
612 V=STARTV+(K—1)%*CELTAV
€173 UVSQU=UU+Vxy
£14 IFIUVSH.GTL1.0) GO TD 20
615 FITER=ABS{F{J,K})
€16 IF(FUEStJ4K).EG.99.0) GO TG 20
C .
617 IFIFITER.GT.FULJ,K)}) GO TO 2000
618 IFIFL{J,K).ECL99.0) GG TO 20 '
619 IFIFLIJyK}«LELC.O0CD]1 JAND. FITER.LF.I.E—4) GU TO 20
€20 [FIFITER.GT-FL{J,K)) GC TC 20 o
C
£z1 2CCC X=FDES{Js4K}
£22 ERROR = FITER-X
623 IF{AES{ERRCR)-ABS(EMAX)) 2(C,20,21
624 21 EMAX=ERRCR
£25 VAL=SIGN{ERRORF{JyK)*{X=-FETERY})
£2¢ [1=4
€27 Jl=K
£28 2C CONTINLE
629 1C CONTINLE
£30 WRITEL&,10C) [1,J1,VAL
€31 10C FORMAT(S5Xy Y %%.SEARCHE®Y [ 18, 18,5X,FT.4}
612 RFTURN
£33 ENC
&34 SURROUTINE CHECK{IC,VAL,US,VS,CORCOF,DELTAL,LDELTAY)
625 REAL US{5CC),vS(5CC),CCRCAF1500)
€36 IF(IC.EC.1) RETURN
€37 CU=C 1%TELTAYU
€1g CV=C.1%CELTAY
€29 ICi=1C-1
640 U=UsStIC)

641 V=vS(IC)
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647 D0 10 J=1,I1C1

6473 IF(ABS{U-USUU)) e LELNUCANDLABSIV-VS5(J)).LE.GV) GO TO 20

644 1C CONTINUE

5. RETURN .

Tae 2C CORCOF({J)=CORCOF{J)+VAL

€47 IC=1C-1

64t RETURN

646G ENC

65¢C SUBROUTINE UPDATE(IC,US,VS,sCORCUF ,FyMMAX JNMAX ,FNORM,STARTU S TARTVY,
$CELTAU,DELTAV)

€51 CIMENSICN F(S51451}),US(500),v5{500), CORCOF(500)

€52 COFMMON 7L0OCY ITYPE

£53 C=CORCOF(IC)

6h4 GO 10 J=1,MMaX

€55 U=STARTU+{J-11*DELTAU

£S5 & CU=L-USLIC)

657 0O 10 K=1,NMAX

658 V=STARTV+(K~1)*DFLTAV

€59 . by=v-vSI{IC)

€60 1C FUJUaKISF{JoK)+CHPATITULCV,ITYPE)

eel CORCUF(ICY=CORCOF{IC)/FNCRM

€2 RETURN

X ENC

EL4 FUNCTION PAT(ULV,ITYPE)

THIS SUBPROGRAM GIVES THE BASIC CORRECTION PATTERN FlU.VI).

ITYPE = 1  -- UNIFORM LINE SOQURCE LOCATED AT 5=0.
2 —— UNIFORM LINEAR ARRAY LOCCATED AT 5=0.
3 --  TRIANGULAR LINE SOURCE LCCATECR AT S=0C.
4 -- UNIFORM RECTANGULAR APERTURE.
5 —— UNIFORM RECTANGULAR ARRAY,
& —-— UNIFORM CIRCULAR APERTURE.
7 -- GENERAL ARRAY. ‘
ITYPE > 7 =-- SPECIAL SOURCE (FUNCTICN SPECPTIU,V,ITYPE) WILL

Br CALLED.

VERSICN 1 LEVEL 1

DATE OQF LAST REVISICGN:Z  73/193 JULY 12,1973

THIS WORK SUPPORTED BY NASA GRANT NGR 47-004-103

fCR FURTHER INFORMATICN CONTACT:
hel. STUTZMAN DEPT. OF ELEC. ENGR. 951-6624,

eNeNasleNalaEslaeleleNoloNaRaNaNeFele e Nl el e e le e

.l . CCFFEY DEPT. (UF ELEC. ENGR. 951-5494
5 COMPLEX TENPL,CEXP,IMAG
EEE ‘ COMMON ZPATLY/ PLePZ2,P3,P4,P5,P6,P],55(400),TT{400),HR(400)
T eed COVMMON /PAT2/7 [1412+13,04,14%

oy O
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€68 IF(ITYPELGTLT) GO TO 990 ‘
€€9 c GO TO (1C00,200,300,400,500,600,700),ITYPE
C ITYPE .1T. 1
c )
670 WRITE(6410) ITYPE
£71 10 FORMAT(IHC 55Xt *ERRCR& %% ITYPE HAS THE VALUE *,I11l,':',2X,
$'EXECUTICN TERMINATED') :
612 STCP
C ‘
C : '
C ITYPE = 1 -— UNIFCRM LINE SOURCE.
C
C FLEN=P]
673 1CC CONTINUE
674 - PAT=1.0
&£75 [FIV.NE.OL) PAT = SIN(PE*PL=V)/(PI%PLI%*V)
676 GO 70 $99
C
C
o ITYPE = 2 ~-- UNIFGCRM LINEAR ARRAY
c )
617 2CC CONTINUE
C FLEN=PL
C NELMT=11
678 PAT=1.0
679 IF(V.NE<O.) PAT=SINIPI#P1xy) /(I 1%*SIN(PI*P1%V/I1))
EEC GC TO 999 ' :
C
C
C ITYPE = 3 ~-- TRIANGULAR LINE SOURCE.
C .
€8l 3CC FLEN=PY/Z.
&£87 PAT=1.0
EE€3 IF{V.NE.O.} PAT = (SIN(FLENXPI#V)/(FLEN®P[#Y)}%%2
£R4 G0 TO 599 '
C
C .
C ITYPE = 4 ——= UNIFCRM RECTANGULAR APERTURE
C
£85 4CC CONTINUE
C FLS=P!
C FLT=P2
E£E6 ARG1=PI%P1*y
687 ARCZ=P1+P2%V
6E8 IF(ARGL) 461,402,401
689 4C)1 IF(ARG2) 403,404,407
£SC 403 PAT=SIN{ARG1) /ARGL+=SIN{ARG?) JARG2
£91 GC TC 999
£92 404 PAT=SIN{ARG1)/ARG]
693 GO 10 §S9
£G4 40?2 [F{ARGZ) 4C5,4CH,405
695 405 PAT=SIN{ARG2)/ARG?2
€9¢ GC TO S99
€97 406 PAT=1.C
bes & GC 10 939
C
C
C

1TYPE = B ——  UNITFORM RECTANGUL AR ARRAY



£59

1CC
1C1
7C2
1C3
704

1CS
70¢
icT
768
109
710
711
712

713

714
715

le
717
718
716
72C

121
122
123
724
725
126
Tet
728
129
130
721

732

YOO M

YOV Oy

OO0

zEEEaNaNale

5CC

501

A-hi

CONTINLUE

FLS=pP1

FLT=pP2

NELSZIL

NELT=12

ARC1=PI#P1*%U
ARCZ=PI*P2%*V
IF(ARGL) 5C1,502,501
IFLARG2) 5C3,5C4,503

503 PAT= SIN(ARGI!f‘[1*5[N(ARGl/illl*SIN(ARGZ)/lIZ*SIN(ARGZ/IZ}

504

5C2

505

506

600

601

7CC

7C1

39¢
999

$)

GG TO 9%5%
PAT=SIN{ARGLI}/{T1*S5IN{ARGL/TI1))
GC TC 999
IF{ARG2) 505,506,505
PAT=SINCARGZ2}Y/LI2%SIN(ARG2/12))
GC TO 999 '
PAT=1.C
GO TO %96
[TYPE = 6 —— UNIFCRM CIRCULAR APERTURE.
C=S5CRT{U*LI+V2V)

A=P1

IFIC.EQ.C.)Y GO TO €01

X=2 . %P *Pl*(C

CALL BESJU(Xs1,8J+0.0001,1ER)
PAT=2.%#BJ/X%

GG 1O 999

PAT=1.0

GO TO 999

[TYPE = 7 =-- GENERAL ARRAY

IMAG=(C.Cy1.C)
NELMT=]1%*[2
TEMP=I{C.CACa0)

CO 701 J=1,NELMT
TEMP=TEMP+ 1 OFCEXPUIMAGH2 xPIx{xSS{IY+VETT(U)))
CONTINUE
PAT=REAL(TEMP)/NELMT
GO 7O 995
PAT=SPECPT{U,V,ITYPE)
RETURN

END

COMPLEX FUNCTICN SOURCE(M N,U,V,ITYPE)

THIS SUBPRCGRAM CALCULATES THE CURRENT AT POINT ({M,N)
THE PATTERN AT PCINT (L,V).

ITYPE = 1 == UNTFORM LINE SOURCE LOCATED AT S=G.
? -~ UNIFCRM LINCAR ARRAY LGCATED AT S=0.

QUL TO
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-- TRIANGULAR LINE SOURCE LOCATED AT 5=0.

C 3
C L -—— UNIFORM RECTANGULAR APERTUR.
C 5 —— UNIFORM RECTANGULAR ARRAY.
C & -—— UNIFORM CIRCULAR APERTURE.
C 7 —-- GENERAL ARRAY.
C : _
C [TYPE > 7 -- SPECIAL SOURCE (FUNCTICN SPSOR{M,NsUsV, ITYPE)
C WILL 8FE CALLED.)
C
o VERSIUON 1 LEVEL 1
C
C DATE CF LAST REVISION: T73/166 JULY 12,1973
c _
C THIS WORK SUPPORTED BY NASA GRANT NGR 47-004-103.
C
C FOR FURTHER INFORMATICN CONTACT:
C W. L. STUTZMAN DEPT. UF ELEC. ENGR. 951~6624.
C _ :
733 CCMPLEX TEMP,CEXP,IMAG,SPSOR '
134 COMMON /PATY/ 91,92,P3.94,95,P6,PI,Sstaooi.Tquoo).RRlﬁﬂol
725 COMMON /PAT2/7 11,12,13,14,15
C
713¢ [MAG=1{0.0,1.0)
137 CALL LOCSORIMyNsS,T)
738 IF{ITYPE.CT.7) GO TO 990
739 GC TC (100,200,300,400,5C0,6C0,700),[TYPE
C
C [TYPE JLT. 1
"
740 WRITE(6,10) [TYPE ,
741 10 FCRMAT(LIHC,5Xy " %% *ERRORKX% ITYPE HAS THE VALUE ", 111,%:%+2X,
$YEXFCUTICN TERMINATED')
142 STCP
C
C
C ITYPE = 1 ~= UNIFORM LINE SOURCE
C
143 1CC CONTINUE
C FLEN=P1
144 SOURCE=CEXP(—TMAGHPI®2.%T*V)/P]
745 GC TC 999
C
C
C ITYPE = 2 =—-- UNIFCRM LINEAR ARRAY
"
746 2CC CONTINUE
C FLEN=P!
7417 SOLRCE=CEXP(-TMAG#*2 %P T#V*T}/P1
145 L0 T 999
C
C .
C [TYP:i= 3 -— TRIANGULAR LINE SQURCE
C -
749 3C¢C CONTINULE
C FLEN=P1

75¢C CON=ARS{?.*T/P1)
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751 SOCURCE=2./P1*CEXP(~IMAG*2, %P1 *T®V)*{]1.~CCN)
152 [FICON.GTal) SOURCE=(0.0,0.0)
1513 GC TOC 999
C
c
C ITYPE = 4 -—- UNIFORM RECTANGULAR APERTURE
c
754 4CC CONTINUE
C FLS=P1
C FLT=P2
155 SOURCE=CEXP(-IMAG*2. %P x(SxU+VXT}}/(P1%pP2)
75¢ GC 1O 999
C
C
C ITYPE = 5 =— UNIFORM RECTANGULAR ARRAY
C
757 500 CONTINUE
C FLS=P1
C FLT=P2
158 SOURCE=CEXP(-IMAG*2 . *PI%(S&U+VXT) } /(P1%P2)
759 GC 7O 5949
C
C
C ITYPE = & —-- UNIFORM CIRCULAR APERTURE
C
T€0 60C RHC=SCRT{SAS+T%7T)
C A=pP1
1¢1} SCURCE={C.CysCeC)
t62 IF(RHC.LE.P1) SOURCE=CEXP{-IMAG*2 %P I*{SHU+THV)) /(2. %P[%PL%%2)
€13 GOl TO G99
C
C .
C ITYPE = 7 -- GENERAL ARRAY.
C :
1t4 TCC CONTIMUE
1¢£5 - SCTURCE=CEXP{-TMAGH2 AP X (URSH+VET) I/ (T11%]2)
Teé c0 TO S99
TET G9C SOURCE=SPSOR(MWN,U,V.ITYPE)
TéH 999 RETURN
7€9 ENC
fic SUBROUTINFE LGCSOR(MN,S,T)
771 INTEGER FX,PY
112 REAL INITLS,INITLT
113 COMMON /PATL/ PL4P24P3,P4,P5,P6,PI,S5(400),TT{420),R{400)
114 CCMMGN /PAT2/ [1412,13414,15 ,
115 COMMON /LCC/ TTYPE
C
C ,
176 IFLTITYPELGTLT) GC T 990
177 - GC 70 (100,200,3004400,50C,600,700), ITYPE
178 WRITE (&, 1C) ITYPF
779 1C FORMATILIHC 09X, "2 RROR K %% ITYPE BAS THE VALUE *,I11,':v,2X,

SYEXECUTION TERMINATED®)
g0 STEP

(o}



181

182
783
T84

785

1t6
Te7
T€8
1E9

19C

791

192
792
794

1G5

T9E
197
768
769
§CO

801

8C2
8c3
BO4
gCS
geoe

807
gCH
40¢9q

Ty Oy OO om OO [aEe] OO (]

OO OO

;Y

2C0

3ca

4GC

5CC

&CC

7Ccce

99C

- 596
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CONTINUE
INITLT=P2
DELTAT=P3
5=C.
T=P2+{N-1)%P3
Gl TQ SG%

CONTINUE

PY=11

CGISY=P2

$=C.

T={N-11/2-1) %P2
IF(E1/72%2.EQ.11) T=T+0.5%P2
GG TC 999 : )

GG TO 100

CONTINUE
INITLS=P2
INITLT=P4
CELTAS=PS
DELTAT=PE
S5=P3+(M-1)%P5
T=P4+(N-1) %P6
GO 70 SSS

CONTINLE

PX=11

PY=1]2

O§sX=P3

CISY=P4

S={M-11/2-1)%P3
T={N-12/2-1)%P4
IF(I1/72%2.C6Ga11) S5=S5+40,5%P3
IF{12/2%2.E0.12) T=T+C.5%P4
GG TO 999 ‘

GC 70 a4CoO

CONTINUE
NELMT={M-1)*12+¢N
S=SSINELMTY
T=TT{NELNMT)

GO TG S5S6

CALL SPLOCI{M,N,S5+T)
RETURN
ENE
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SUBRGUT 1% CURREN(CURH,CURI.MCUR.NCUR,US'VS.CURCUFtIC)

This SUBRDUTINE CALCULATES THE FINAL CURKENT DISTRIBULTIUN
NECE:SARY TO PRGDUCE THE F1NAL PATTERN FILUsV).

LATE: T2/166 JUNE 15,1972

aN ol uke Ral aika

COMPLEX SCURCE»TEMP | .
FEAL CURK(51951)sCURI(51551),US(5GC0)VE(5G0)CORCLIISLO)
REAL ULKG(100) $VORG(LGC ) CORGLIO00)
CUMMON ZSTARTZ NOURG UGRGyVORG 9 COKG
COMMUN /LUC/ ITYPE
U0 100 M= 1,MCUR
GO 1Gu N=1gNCUR
CURRIM,N) =0,
160 CURTEMyN) =G
LD ZGO M=1eMCUR
B0 200 N=1,NCUR
50 200 1= 14 NOURG
TEMP=5LURCE (MeNyUGRGE1) g VORG( 1), ITYPE])
CURK(MyN)=CURR M NI +CORGIT VFREAL(TEMP)
CUKRE(MeNITCURT (MoN)+CURG(T ) ¥AIMAGITEMP)
206G CUNTINUL

1F(IC.Lr.") RETURN

¢ . : - | OQ@ROD
5O 1C M=1sMCUR 7 l@av CQEB
6O 16 Nzl NCUR &LP [5173,
401G 151410 dep T op
TEMB=SCURCE (MaNoUSEI VST ITYPE) & p W
CUKK (#7) 2CURR {84 gN ) +CORCUF (T #REAL (TEMP) O0p
CURT (M) =CURI{MyN ) +CURCGF (1) *AITMAGITEMP)

10 CONTINUL -

g TURN
™ML
824 SURRUUTINE PRINT(A,M N, STARTU,STARTV,DU,CV)
SUBRCUTINE PRINT IS THE GENERAL OUTPUT SUBROUTINE --.

IT wWiLL PRINT CUT CC-ORCINATLS (U,V) AND VALUFS A(1,J)
10 RCKS AND 1C CCLUMNS TC A PAGE. T2/266 NVERSICH 3

YOO DY

£25 CIMENSICN A(51,511,U(511,V(51)
R26 WRITELEL6969)

8z7 £669 FORMATUIHL)

826 CC 10 J=1,51

£29 CLJY=STARTU+{J-11%0L

813¢C 1C VUJ)=STARTV+(J-1)%DV

31 N2=N/10.+C.99

g1y M2=M/1C.+0.59



£33

35
B3¢
£37
£1g
B39
g4C

B4}
842
t43

E4b
B45
4t
g4l
E4R
B49
860
£51
52
TES53
£54
£S5
£5¢é
857
ESt
gs9
we0

Eel
BE?
Be3
HES
82e5
BEE
E6t
ge8
HET
g70
£71

372
Bi1
gta
B15

oYY M

aRala

Oy O

2C

28

21
4CCC

2CC
1CC
3CC
29
ac
31

41
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DG 100 Jl=1.M2
ne 20C K=1,.N2
MI=1+(J1-1}%1C
M4=¥3+43
IFING GT M) Mg=M
NI=1+(K-1)%1C
N4=N319
IF(N4.GT.N) Na=N

PRINT CUT A HEADING
WRITE(6,2C) (VII)[=N3,N&)
FORMAT‘1H1-16X1F6-3g9(4X,F6.3))
WRITE(6,430)

PRINT A PAGE

K2={M4-V3+1) %6
oo 40CC J=1,K2

J2=J4/6

[F(J2%6-J) 27428427

J3=J24M3-1

WRITE(6+25) ULJ3),0ALI3, 1), [=N3,NG)
GC TO 4000

WRITE(6,31)

CONTINUE

[F(NG.EC.N «AND. Ma&.EG.M) GO TO 300
CONTINUT '

CONTINUE

RETURN

FORMAT(3XsF6.3s' +'e5X,10(F9.4,1X))
FORMAT{1CX,1H4,10(10H-———=-=-~ £))
FORMAT(ICX,*1 ")

ENC

SUBRCUTINE PRCFIL{DATAL,NPT,NUMPAT) =

INTFGFR SF _

INTEGER CUTPUT(101)

INTEGER BLANK,PLUS, SLASH,STAR
REAL DATA{401,2),BOUND(1C1)
QFEAL DATA1(401.2)

CATA RLANK ¢ PLUS,SLASH,STAR FEARE IR R RN LR

Co &7 J=1,4C1
PATA(J,1)=0ATALLds1)
UA]A‘J'2)=EﬂTAItJ'2)
CCNTINUE

FIND THE RANGE OF NEPENDENT UATA AND SCALE ¥ NECESSARY

[FINPT.GTL600) GO TG 389
BIG==1.71C '
sMALL = 1.E210

LC 1 J=1.NKPT

/
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B16 IFIDATALJ42) e LTe—60.0) DATA(J,2)=—60.0
877 IFIDATA{ I, 21 LTLSMALL) SMALL=0ATA{J,2})
£78 IF(CATA(J.2).GT.BIG) BIG=DATA(J,2)
279 1 CONTINUE
B8Q DIFF=ABS{BIG-SMALL)
881 SF = ¢ ‘
882 IFIDIFF.LTF.1.) GO TO 10
863 ~ IF{DIFF.LT.100.}G0 TC 21
agy Ca 2 J=1,1C
B85S IF(CIFF*1C.**({-J).GT.1C0.) GG 1O 2
88¢ SF=J
FET GC TO 2¢C
888 2 CONTINUE
£89 4CC WRITE{&,1CC)
£9C 100 FORMAT{'Q YCUR DATA IS TOO LARGE FOR THIS PROGRAM. ')
891 RETURN
8s2 1C CO 3 J=1,1C
£G3 ' K=11-J
ES4 IF{OIFF*10%%K,6T.100.) GO TO 3
865 SF=-K .
£9¢ GO TQ 20
£97 3 CCNTINUE
8g8 G0 TO &CO
869 2C L0 & J=1,NPT
G900 4 DATA(J,2) = CATA(D,2)%10.%%(=5F)
o
C CALCULATE BCUNDS
C
9C1 21 SCALE=DIFF/100.
3C2 CO 5 J=1,1C1
9C3 K=J-1
9C4 5 BCUNDI(JI={BIG-K%SCALE}*10.%%{=5F)
C
C PRINY TITLE
C
SC5 WRITF(6,64C) NUMPAT i
gCé 64C FORMATIZEX,*PATTERN NUMBER ',15//)
907 IF (SF.EC.C) GO TG 2¢O
SCE WRITE(£,4004) Sf
$C9 4CC4 FORMATIG3X,'SCALE FACTOR 1S 10%%v,[2/)
g1¢ 200 WRITE(6465C) (BOUND(JY 4 d=14101,20)
911 65C FORMATIIX,5(FTua3913X}yFT7.3+2Xy"MEALY,5X, 'C3.1)
S12 CO 6 J1=1,NPT
911 JENPT+1-J1
914 LC %0 K=1,10C1
916 5 CUTPUT(K)=BLANK .
Glé [FI{J-11/71C*10-(J-1)) &2,61,62
917 61 LC 40 K=1,101,10 :
91 4 4G CUTPUTI{K)=PLUS
519 GO TO 87
920 62 CUTPUT(1)=SLASH

h21 CUTPUTEIGL) = SLASH



922
23

§25
§26
9217
g2t
529
930
9131
917
G123
334
315
912¢
937
938
9139
940

941

G4z
G413

94 4
945
94 €

947
946
545
95¢
951
952
953
954
955
956
957
958
959

€C

V€1

a1

68

141
4CCC

14C

4CC1

595

A=51

oCc 7 ¥K=1,1CC

[F{DATA[J,2).GT.BOUNDIK)) GO TG 7

IF{DATALJ,2) .LE.BOUNDIK+L)) GO 0 7

CGUTPUTIK)I=STAR

GO TU €S

CCNT INUE

CUTPUT(101) = STAR

IFIDATA(J.2).EQ.C0) DATA{Js2) = 1.0E-6

CATADB = 20.#ALOG1O(ABSIDATALI,2)1})

IFL(J-11/10%10-(J-1)) 140,141,140 ‘ A
WRITE({6,40C0) DATA(J,ll.(OUTPUTtki,K=1,101).DATA{J.Z},UATADB
FURMAT(1KtF8¢311XQ101A1QZX!F5-392X1F6-2)

GC TO &

WRITEL6,4CC1) (UUTPUT(K;,K=1,101}.DATA(J,z),DATnaB
FURMATI10X.101A1.2x,Fa.3.2x,F6.2) :

CONTINUE

wRITE(6,65C) {BOUND{J)sJ=1,101,20}

RETURN

ENC

SUBROUTINE CCN{pBlFJL,DQEELELDH.CMAX.C[NT,A.NUHPATl

c***#:*****#****#*#####*tpRiNTz**#*#**#*#*#******##**##*##**###¢*¢#¢#$*¢

sNeRelakaluEalnN e

O

€7

39

THIS SUBPRCGRAM GIVES A CONTOUR MAP OF THE MATRIX A

K AND L -ARE THE MAXIMUM VALUES OF 1 AND J

[F K=L=S1 CR 1C1 AXES WILL BE SEY UP AS FCR A PATTERN PLCT
DELCON=UELTA{INCREMENT) BETWEEN CONTOURS FOR CONTUR SUBROUTINE
CONLOW=LOWEST CONTOUR LEVEL

CONMAX=HIGHEST CONTOUR LEVEL

CONINT=CONTOUR INTERVAL

NUMPAT=PATTERN NUMBER

DIMENSICN A{S1,51)

CIMENSICN ALPHA(10)

CIMENSICN COL AT LEAST L

nDIMENSION COLEL101) .
CATA ALPHA/[HC:IHI!1H211H3i1H411H511H611H7u1H8v1H9/
CATA LLANK,GCOT/Z1H S 1R/ -

[FIK. LE.1oCR.LLLELL) RETURN
CONINT=CINT

CONFAX=CNMAX

CONLOW=CLON

CELCON=RCCN

WRITE(6487) NUMPAT _
FCRMAT(1HC,"FCR THE PATTERN NUMBERED', IS5}
IF(CONINT) $5,99,10C

BIC=-1.£27

S¥alLl=1.E£27

£0 98 L=1,K

r0 98 J=1l.L

IF(A(L,J) GT. BIG) BIG=ALL,)
[FCACI,J) .LT. SMALLY SMALL = ALI,J)

98 CONTINUT



Gu2

L4
vE5
9¢6
g&7

GEE
GES
97C
971
372
9773
974
a5

976
977
978
979
980
921
942

SE3
[B4
85
SE6G
981
gua
9489
. 9sC
991
992
G993
594
965
396
g67
868

999 -

1¢CC
1GC1
1CC2
1€C3
1CC4
10C5
1CCE
1¢C1
1008

cC9
1C1¢C
1611

100
7l

12
40

32

30

33

35
34

2ca

1C1

31

A=52

CONINT={BIG-SMALL)/1C.
DELCON=CL.5*CONINT

CCANLOW=SMALL+CELCON

CONMAX=BIG-DELCCN

WRITE(6s711 CELCON, CONLOW,CONMAX,CONINT

FCRMAT(IHD, 'DELCGN='.F10.5,3X,'CONLDH=',F10.5,3X;'CONMAX=',

1 F10.5,3X,'CONINT="',F10.5)

PRINT LFVEL DESTGNATIONS
NCHAR=ABS((CCNFAX-CUNLOH)/CUNINT+1.1)
CON=CONMAX+CONINTY

N0 40 M=1,MCHAR

[CCN=M-1]

CON=CON-CONINT

WRITE{€&,72) ICCN,CON

FORMAT({1HC, *CONTOUR LEVEL t,124"=1,F10.5)
CONTINUE

WRITE HEACING

CC 32 J=1,101
CCLEJI=TLANRK
CONTINUE

IF(L.GT.S1) GO TO 33
0C 30 J=1+101,2
cot(J1=007

CONTINUE

GC TO 34

CONTINUFE

£O 35 J=1,101

COL{J1=DCT

CONTINUE

CONTINUE

WRITE(6,20C)

FORMAT (1L}

NLl=L%2

[FIN1.GT.101) N1=1C1

WRITE (64,1011 (COLEJL),I1=1,N1)
FORMAT(/1HC,14X,101A1)

CO 1 [=1, K

EC 31 J=1,101

COL{J)=BLANK

CONTINUE REp

R0
2==1 . #) D
th 2 9s1s L Rl ?pljlf*fi”y OF
J2=J2+2 G
1CON=-1 €1 p, i

CON=CUNMAX+CCNINT

£O 50 M=1,MCHAR

[CCN=TCUN+1

CON=CON-CONINT

[FIA(1.J!.GT.(CDN+DELCCN)} ¢ TO 50
IF(ﬂlI.J}.LT.(CUN-DELCHN)) GO TO 50

NOWw Atlsd) 1S LT CON+DELCCN AND GT CON-DELCON
IF{L.LE.S]) COL{J2)=ALPHATICON+1)

IF(L.GT.51) QGL(J)=&LPHA(ICGN41)

0 TO ¢



1612
It B
1CT4
1615
1016

1C17
1C18

1019

1C20
1021

1622
1023

1C24
1G25
ic26

1027
102¢
1C29
il

10"
1032

1C33
1034
1035
1C36
1027
103y
1039
1C4C

1G4l
1C4a7
1C473
1Ca4
1C45
1C4¢

1Ca47
1G4¢
1045

1058

1C Sm

A-53

CONTINUE
CONTINUE
WRITE(6,140) (COL(J1)yJ1=1,101)

14C FORMAT(1H ,13X%,'."',1C1Al1)

HaNeNe:

CONT INUE

RETURN
ENC

SUEBROUTINE PATCON(RDATA,MMAX,NMAX, ICODE,CONLOW,CONMAX,CONINT,
$STARTULSTARTV,CELTAU,DELTAV,NUMPAT,ISYMM])

REAL ROATA(S1+%1),UAXIS(L11),LOW{12)+HIGH{12)
INTEGER CUTPUTI(101),LEVEL(12),BLANK

ODATA BLANK/' '/ ,
CATA LEVEL/ TG o t1®, 720,030, 940,060, 160,070 ,951,191,4-¢ 441/
CALL DATE([+J+K)

WRITE(Es1C) T4JeK NUMPAT
LG FCRMAT(LIHY,® PATTERN CONTOUR SUBPRCGRAMY , 34X, *DATE = 'T,A2,'-1',A2

$4'-",A2,3CX,*PATTERN NUMBER'Y,[5/////7)
IF{ICCEELERLC) WRITE(E,11)
[FIICCRDELEC.1) WRITE(6,12)

[F(ICODE.FG.2) WRITE{6,13)
11 FORMAT(42X,*CONTOUR PLOT OF THE DESIRED PATTERN "I111Y

12 FORMAT(46X,*'CONTOUR PLOT GF THE INITIAL PATTERN'Z///)
12 FORMAT(45X, 'CONTOUR PLOT OF THE FINAL PATTERN IN D8.0//7/)

FINALU=STARTU+(MMAX-1)1%DELTAU,
FINALV=STARTV+ (NMAX-1)%DELTAYV
Ul=STARTU

UZ2=FINALL

ViI=STARTVY

V2=F1INALYV

MCCUNT=MMaX

NCOUNT=NMAX

IFCISYMM—1) 70,30,20
2C UBIG=AMBXL{ABSISTARTU) ,ABS(FINALU))
LUl=-UBIS
Uuz2=u1G
MCCUNT=2%NCOUNT -1
TECISYMMLEG.2) GE TO 70

30 VBIG=AMAXL(ABRSISTARTV),ABS{FINALV))
Vi==VRIG
V2=VRIG
CNCCOCUNT=2%NCOGUNT -
TC CONTINUF

ESTABLISH LCWER AN -UPPER LI%ITS



1052
1053
1054
1055
1C56
1C57
1G58
1059
1C¢C
10¢1
1082
1Ce3

1064
1C€5
1066
10617
1068

1089
1¢7C
1C71
1072
1C13
1C74
1C75
1076
1¢77

10re

1079
1080
1CED
1082
1083
1G&4

1085
1C8¢

1CE7
108¢€
1CtS
10s¢C
1651

1092
1651
1094
1C95

106 ¢
1Ca7
1CSt

71

4C

432

51

aNEeaNe!

101
102

2CC
201

202

3CC

1CCC

A=54

NUMCON={CONMAX-CONLCW)} /CONINT+1.5
CELCCN=CCNINT /2.

oCc 71 J=1,NUMCCON

LOW{J)=COCNLOW+ (J-1)*CONINT-DELCON
RIGH(JY=LCW(J}+CCNINT+0.CC0O1
CONTINUE

tOW(11)=—1.E3C

HICH(12)=1.E30

HICK(11)=LOwW( (1)
LOW(12)=HIGHI{NUMCON)
MSKIP=100/(MCCUNT-11}
NSKIP=1C0/(NCOUNT-1)

CU={U2-UL}/10.

0 40 I=1.11

UAXIS(I)=Ul+({I-1)%DL

WRITE(6,42) (UAXIS(I)sI=1,11)
FORMAT(13X, LE(F7.4,3X)/16X,110".",9X})

cU={y2-11171C0.
Cv=(v2-v1)/100.

N1=NSKIP-1

CO 9C N=145101,NSKIP
Vz=y2—-{N-1)%0V

B0 51 K=1,101

QUTPUTIK Y=BLANK

GO 60 M=1,101,MSKIP
U=L1l+(M=1)%DL
IFLU*L+v*V.6T.1.C) GO TO 60

FIND FlU,V)

IJ=1
IK=1

J={U-STARTUY/DELTALU+]1 .5

K= (Yy=STARTV) /DELTAV+1.5
IF{J.GE.1 JANCe JoLE.MMAX) [J=0
IF(K.GE.1 «AND. K.LE.NMAX) IK=0

IF{1J) 2CCy1C2,2CC
IF(IK) 30C,1000,300

[FUISYMM-1) 6C,6C.201
J=1.5-(U+STARTU) /DELTAU
IF{J.GE.1 «AND. JoLE.MMAX) 1J=0
[F{IJ) 6C,202,60

1F{IK) 1CC,1CCC,3C0

[E(ISYMVN.EC.O .OR. ISYMMLEQ.Z2) GO TN 60
K=1.5~(V+STARTV) /DL LTAV
IF{K.GE-1 «AND. KJ.LELNMAX) [K=D
[E(IKY 60 1000,60

F=RCATALJ,K)
[F{F.LE.LOW{1)) GO TC 1001

CIF(F.GT.HIGHINUMCCHNY ) GO TC 1002
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It59 CO 61 K=1.NUMCCN
11C¢C [FIF.GT.LOK{K) JAND. F.LE.HIGHIK)) GO TO 62
11C1 61 CONTINUF
11072 102 CUTPUTIMI=LEVEL{12)
11C3 GEC TO 60
11C4 1001 CUTPUT{M)I=LEVEL{11)
11C5 GC TO &C
1106 62 CUTPUT{MI=LEVELI(K)
C
11C7 6C CONTINUE
11Cs WRITE(E,64) Vy{OUTPUTIK) ,K=1,101),V
1109 664 FORMAT(TXoFTatialXyt ', 101AL,%.%51X,F7.4)
111¢c . [FIN1.EG.C) GO TC 50
1111 GO €5 K=1.N1
1112 WRITE(6+56)
1113 56 FCRNMATH{! 1)
1114 55 CONTINUE
C
1115 5C CONTINUE
1116 WRITE(6.43) (UAXIS(E),1=1,411)
1117 62 FORMATIIEX 11014 ,9X) /13X, 1 (FT744,3X))
C
111¢& WRITE(&,44) ,
1119 44 FORMAT(//7/56X,YCONTOUR LEVEL KEY'//)
SO LC 45 I=1.4
vall 45 WRITEL6,461 (LEVEL(J) JLOWIJY s HIGH{d) yd=T912+4)
1122 46 FORMATISX3(AL1,%2 "4l 14.7,* TO ",E14.7,4X))
1123 RETURN
1124 ENC
1125 SURKOUTINE LISTICURK CURIZMCURZNCUR)
C
¢ THIS SUHBCUTINE LISTS ARRAY ELEMENT COCRDINATES AND CURRENTS
C
C CATA WRITTEN: 73-192 - JULY 11,1973,
;
C
1126 : CIVNENSICN CURRIS51,51).CURIIBL,D1}
11217 0C 10 M=1,MCUR
1122 GG 10 N=1,NCUR
1126 J={M=1)VHNCUR4N
113C CALL LOCSCR{MGN,S,T)
1131 KRITELE,1CC) JaSsToCURRIMeNY 4CURLIMyN)
1132 10 CONTINUE
1133 1C0 FCRMAT(3X,14,5X,4(El4.7,2X))
1134 RECTURN

1135 ENE
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7. Appendix: The ANTDATA Computer Program

7.1 Introduction

When dealing with two-dimensional antenna patterns data display becomes
a very important phase of an antenna study. The ANTDATA computer program was
written to accomplish this purpose. it is used for publication quality graph~
ical display of patterns and source distributions. These plofs are in one
(profile), two (contour) and three dimensional forms. The program is written
in FORTRAN IV and has been used on an IBM 370/155 with an on-line CALCOMP
drum plotter.

This program is for support of the ANTSYN program. There are several
subroutines of ANTSYN which provide data output, e.g. PRINT, PROFIL, CONTUR,
PATCON and LIST. These may be sufficlent for many needs and they do supply
quantitative information. However, after synthesizing patterns‘using ANTSYN
if further data display is desired ANTDATA can be used. In this way only those
plbts which are of interest to the designer are plotted. ANTSYN provides a pre-
view capability for ANTDATA. Both'programs could be combined. But when they
are separate the program sizes are about 220 K for ANTSYN and 220 K for ANTﬁATA
instead of one 440 K program. Also after previewing the results of ANTSYN, the
user can easily select which (if any) of the plot options in ANTDATA he wishes
to exercise. | J

ANTDATA is currently se£ up to use the correction positions and coefficients
from ANTSYN to reconstruct'the pattern and source distribution using some of the
ANTSYN subroutines. This is done to minimize storage space. If storage is no
prdblem the program could bé altered to work directly from pattern and current
arrays. Althugh, one must then use the resolution (array dimensions) used in

ANTSYN, which may not be sufficient to see all of the detailed structure in the

plots.
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The original pattern is based on a Woodward-Lawson pattern. If the user.
wishes to use a different original pattern, he could write a subroutine, ORGPAT,
and use it to initialize the pattern magnitude array A. The corrections found

in ANTSYN and passed to ANIDATA would then be used to form the final pattérn A

as programmed here.

7.2 Program Organization

Again a modular structure using several subroutines has been used to
allow for modifications. The main program generates the pattern and current
arrays and controls which plots are made. Fig. 7.1 shows a block diagram of
the program organization. Subroutines PAT, SPECPT, SOURCE, SPSOR, LOCSOR, .and
SPLOC are used in generating the pattern and source arrays and are alsc used
in ANTSYN. PLOT1, PLOT1C and PLOT1P are used to plot profiles (cuts through
oné plane) of the pattern magnitude in dB, the source magnitude, and the source:
phase, PLOT2 and its subroutines (CNLAL and PLOTL) are used to draw accurate
contour maps of the pattern magniéude in dB, the source magnifude, and/or the
source phase, PLOT3 and its subroutines (THREEZ, THREE3, THREE4, and THREES)
are used to plot the pattern magnitude in dB, the current magnitude, and/or
the current phase with a tﬁree dimensional effect.

In the next section a degeription of how thé“usef controls which plots
are obtained is discussed; Tn Section 7.4 a list of important program variable
definitions is given. Section 7,5 has descriptions of the subroutines showﬁ

in Fig. 7.1. Finally, Section 7.6 is a statement listing of the ANTDATA program,
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Figure 7.1 Block diagram of ANTDATA program.

i
PAT SPECPT
SOURCE SPSOR
|
LOCSOR SPLOC
PLOT1
PLOT1C
b——— | PLOT1P |
PLOT2 CNLAL
PLOTL
PLOT3 : THREE?
]
THREE4
|
THREE3
|
THREES
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7.3 User's Guide to ANTDATA

The fo;lowing steps are what the user must considewahen he uses ANTDATA.
When an input datg card must be supplied it will be underlined.

Step 1. Specify péttern number and location in storage;

Read NUMPAT and NUMIRK from a card under a 1415 forﬁat. This is the pattern
number of the job submitted to ANTDATA. NUMIRK is the track number of disk
storage where the data for this pattern is thought to bé'étored. The program
will look at that track first. If the pattern numher'op ﬁhat track does not
match NUMPAT, all tracks will be searched, 1If the pattern is found on an un-
expected track brlnot found at all, messages will be pfiﬁted out.

This step can Ee altered if the input form is différent. For instance pattern
data coﬁld be read in using cards. |
Step 2. Array size.

Read MMAX and NMAX from a card under a 14I5 format. These are the sizes
of the pattern magnitude, current magnitude, amd current phase arrays, all loaded
into A{,), for PLOT 2 and PLOT 3. For the examples presented in Chapter 4 MMAX
and NMAX Qere 151, ’

Step 3. Number of correction coefficients,

The variables ITEMP and ITEMP1 are read from disk storage, ITEMP is the
number of correction coefficients of the original pattern. ITEMPl is the number
of correction coefficients for the final pattern, not iﬁciuding the original ones.
Step 4. Pattern data.

Data concerning the original and final patterns are read off of disk
storage. They are NUMPAT, TITLE, IS¥MM, ITER, ISUC, FNORM, IDISK, NORG, IC,
(UORG(J), VORG(J), CORG(J), J=1, ITEMP), (US(J), VS(J), CORCOF(J), J=1, ITEMP1),
ITYPE, P1, P2, P3, P4, P5, P6, PI, (S5(J), TT(J), J=l, 400); Ii, 12, 13, I4, IS5,

MCUR, NCUR
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Refer to the statement listing of subroutine INPUT of the ANTSYN program for
a meaning of P1, P2,... and I1, I2,..... These vary with ITYPE.

If the original pattern is not of the Woodward-Lawson type the ORGPAT
subroutine of ANTSYN could be used to load the original pattern and then
corrections added to it to form the final pattern for use with ANTDATA.

Step 5. Options for pattern magnitude plots.

Read OPTlU,.OPTIV, OPT2, and OPT3 from a card under a 411 format. Use zeros
for no plet and ones for plot.

Step 6. U profile location. _

Read CONST from a card under a 8F10.0 format, Thié is the value of V
where the profilé is made. In other words, the profile is parallel to the U-
axis with a value of V equal to CONST. If CONST is zero the profile is on the
U-axis. Use only 1if OPT1U=1,

Step 7. V profiléllocation

Read CONST from a card under a 8F10.0 format. This is the value of U where
the profile is made. In other words, the profile is parallel to the V-axis with
a value of U equal to CONST. If CONSI/is zero the profile is on the V-axis.

Use only if OPT1V=l.
Step 8. Parameters for PLOTZ and PLOT3 of pattern.

Read LOWCON and DASH from a card under a 8F10.0 format, Use only if OPT2
and/or OPT3 is 1.

Step 9. Pattern contour parameters.

Read CONLOW, CONMAX, and CONINT from a card under a 8F10.0 format. Use
only if OPT2 is 1.

Step 10, Options for current magnitude plots.

Read OPT1U, OPT1V, OPT2, and OPT3 from a card under a 4I1 format. Use
zeros for no plot and ones for plot. OPTLU and OPT1V now refer to S and T

profiles of the current magnitude.
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Step 11. 8 profile location,

Read CONST from a.card under a 8F10.0 format, This ié the value of
T where the profile is made., Use only if OPT1U now is 1.

Step 12, T profiie location.

Read CONST from a card under a 8F10.0 format. This is the value of
S where the profile is made. Use only if OPT1V now is 1.

Step 13, Paraméters for PLOT2 and PLOT3 of current mégnitude.

Read LOWCON and DASH from a card under a 8F10.0 format, Use only if
OPT2 and/or OPT3 is 1.

Step 14. Current magnitude contour paraﬁeters.

Read CONLOW, CONMAX, and CONINT from a card under a 8F10.0 format. Use
only if OPT? is 1. |
Step 15. Options for current phase plots.

Read OP1U, OPT1V, QPT2, and OPT3 from a card under a 4I1 format. Use
zeros for no plot and ones for plot. OPTIU and OPT1V now refer to profiles
of current phasg‘in the S and T directions.

Step 16. Parameters for PLOT2 and PLOT3 of current phase,

Read LOWCON and DASH from a card under a 8F10,0 forﬁat. Use only if OPT2
and/or OPT3 is 1,

Step 17. Current phase contour parameters.

Read CONLOW, CONMAX, and COﬁINT from a card under a BFIO.b format, Use
only if OPT2 is 1,

Step 18. Go to Step 1 if another job is to be run.
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7.4 Program Variables

Many variables used in this program were alsc used in ANTSYN and their

definitions are found in Section 6.4.

7.a.l

ITEMP

ITEMP1

MMAX

OPTI1U

OP1V

OPT2

OPT3

742

Definition of Some Important Integer Variables Used in ANTDATA

]

Number of original correction coefficients, CORG.

Number of correction coefficients (not including original
ones), CORCOF.

Number of points of first subscript of arrays of pattern
magnitude, current magnitude, and current phase used in
PLOT2 and PLOT3. .

Number of points of second subscript of arrays of pattern
magnitude, current magnitude, and current phase.

Plot control for subroutines PLOT1, PLOT1C, and PLOT1P, It
controls profile plots of the pattern magnitude in the U
direction, the current magnitude in the S direction, and
and/or the current phase in the S direction, If it is 1

a plot is made, otherwise no plot is made.

Plot control for subroutines PLOT1 PLOTIC and PLOT1P. It
controls profile plots of the pattern magnitude in the V
direction, the current magnitude in the T direction and/or
the current phase in the T direction. If it is 1 a plot
is made, otherwise no plot 1s pade;

Plot control for PLOT2 subroutine, It controls contour
plots of pattern magnitude, current magnitude, and current
phase, If it is 1 or greater a plot 1s made, otherwise
no plot is made,

Plot contrcl for PLOT3 subroutine. It controls three di-
mensional plots of pattern magnitude, current magnitude,
and current phase, If it is 1 or greater a plot is made,
ctherwise no plot is made,

Definition of Some Important Real Variables Used in ANTDATA

A( , ) = Two dimensional array with MMAX by NMMAX entries. It must

be dimensioned to handle these entries. It is used for the
pattern magnitude in dB, the current magnitude, aud the
current phase.
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The interval between contour levels for PLOT2 subroutine.

CONINT =

CONLOW = The lowest contour level for PLOT2 subroutine.

CONMAX = The highest contour level for PLOT2 subroutine.

CONST = The amount a profile is displaced from an axis (U, Vv, S, or T).

DASH = The contour level for PLOT2 subroutine equal to and below which
all contours will be dashed. Above this value contours will be
solid.

LOWCON = The floor of the PLOT3 subroutine. Three dimensional plots will

have all values below LOWCON set to zero. This is used to “clean
up" the plot.

7.5 Subroutine Descriptions

- The subprograms PAT, SPECFT, SOURCE, SP&OR, LOCSOR, and SPLOC have

. been discussed in Section 6.5. The remaining subprograms of ANTDATA are
briefly described in this section. The contour and threé dimensional
plotting packages were obtained from other individuals and are so refer-
enced. The one-dimensional plots were writtem by the authors and S.
Kauffman. All of the plotting packages were writteh for use on the Vir-
ginia Tech CALCOMP plotter and as such require the use of some local plot

subroutines. These are also explained,
7.5.1 ANTDATA Plot Subroutines

SUBROUTINE PLOTL
Purpose: ‘
Io produce a profile plot of far field patterﬁ magnitude vs. an appro-
priate variable (U, V er THETA).
Usage: |

CALL PLOT1 (PSTRT, PEND, IP, CODE, CONST, NUMPAT)



Description of
PSTRT -
PEND -

IP -

CODE -

CONST -
NUMPAT -

Remarks:
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Parameters:

Abscissa of first point to be plotted.
Abscissa of last point to be plotted.

Number of points to be plotted. This muzt be iess than
the dimension of array PTS. A reasonable choice is 4001.

Labeling code. If CODE = 0 the horizontal axis will be
left blank and the value stored in CONST will be repro-
duced at the bottom of the plot in the form "“THETA=CONST".
If CODE=l, then the horizontal axis will be labeled '+V"
and “~-V" and the value stored in CONST will be reproduced
as "U=CONST." 1If CODE=2, the horizontal axis will be
labeled "+U" and "-U" and CONST will be reproduced as .
"y=CONST." -

Label constant.

Pattern number,

i. PSTRT and PEND may span any interval, However, PTS(l) must cor-
respond to PSTRT, and PTS(IP) must correspond to PEND.

ii. Before each subroutine call, PTS must be loaded with the appro-
priate data points. PTS must be in dB, with points equally spaced
from PSTRT to PEND,

COMMON Blocks Required: COMMON /PLT14 PTS

Subroutines and Function Subprograms Required: TFACTOR, PLOT, S5YMBOL,

NUMBER, AXIS,

SUBROUTINE PLOTLC

Purpose:

[
To produce a profile plot of line source or aperture current distri-

bution magnitude vs. an appropriate variable (S, T or THETA).

Usage:

CALL PLOT1C (PSTRT, PEND, IP, CODE, CONST, NUMPAT)
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Description of Parameters:

PSTRT =~  Abscissa of first point to be plotted. -
PEND — Abscissa of last point to be plotted.
IP -  Number of points to be plotted. This must be less than
~ the dimension of array PTS. A reasonable choice is 4001.
CODE - Labeling code. If CODE = 0, the horizontal axis will be
left blank and the value stored in CONST will be repro-
duced at the bottom of the plot in the form "THETA = CONST."
If CODE = 1, then the horizontal axis will be labeled "+T"
and “~T" and the value stored.in CONST will be reproduced
" 'as "S=CONST." If CODE = 2, the horizontal axis will be
labeled "+S" and "-S" and CONST will be reproduced as "T=
CONST."
CONST -  Label constant.
NUMPAT -  Pattern number.
Remarks:

i. The vertical axis {s automatically scaled from 0.0 to 0.05, 0.0
to 0.1, 0.0 to 0.2, 0.0 to 0.5, 0.0 to 1.0 depending on the range
of the data in PTS.

ii. Before each subroutine call, PTS must be loaded with appropriate
data points none of which must be less than zero.

COMMON Blocks Required: COMMON /PLTIL PTS
Subroutines and Function Subprograms Required: FACTOR, PLOT, SYMBOL, NUM-

BER, AXIS,

SUBROUTINE TLOT1P

Purpose:. )
To‘producé a profile plot of line source or aperture current distri-

.bution phase (in degrees) vs. an approprlate variable (S, T or THETA).

Usage:

CALL PLOTI1P. (PSTRT, PEND, IP, CODE, CONST, NUMPAT)



Description of

PSTRT

PEND

1P

CODE

CONST

NUMPAT

Remarks:

|
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Parameters:

Abscissa of first point to be plotted.
Abscissa of last point to be plotted.

Number of points to be plotted. This must be less than
the dimension of array PTS. A reasonable choice is 4001.

Labeling code. If CODE = 0, the horizoutal axis will be
left blank and the value stored in CONST will be repro-
duced at the bottom of the plot in the form "THETA=CONST."
If CODE = 1, the horizontal axis will be labeled "+T" and
"-T" and the value stored in CONST will be reproduced as
"S=CONST." If CODE = 2, the horizontal axis will be la-
beled "+S" and "-S" and CONST will be reproduced as "T=
CONST." -

Label constant.

Pattern number.

i. Before each subroutine call, PTS must be loaded with appropriate
data points in degrees (~180 < PTS < 180).

COMMON Blocks Required: COMMON /PLT1/ PTS

Subroutines and Functions Required: FACTOR, PLOT, SYMBOL, NUMBER, AXIS

SURROUTINE PLOT2

Purpose:

To draw a contour map of data in array A.

Usage:

CALL PLOT? (N, M, CONLOW, CONMAX, CONINT, NUMPAT, DASH)

Description of Parameters:

N
M

CONLOW

Number of points to be plotted in horizontal direction.
Number of points to be plotted in vertical direction.

Lowest contour level to be plotted.
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CONMAX - -Highest contour level to be plotted.
CONINT - Interval between contour levels,
NUMPAT - Pattern number,
DASH = Contour levels below DASH will be dashed rather than
solid
Remarks:

i, If CONINT = 0 or CONLOW = CONMAX, the subroutine will determine
the contour levels to be plotted.

COMMON Blocks Required: COMMON /ARRAY/ A
Subroutine and Function Subprograms Required: CNLAL, PLOT, FACTOR, SYMBOL,
NUMBER

Reference: D, A. Vossler, E. S. Robinson

SUBROUTINE CNLAL
Purpose:

To determine the maximum and minimum of array X. To calculate the
increment that will give 10 equally spaced contours bétween the maximum
and minimum of array X.
Usage:

CALL CNLAL (N, M, CNTRLO, CMAX, CNTRAL, NC)

Descriptidn of Parameters:

N - ' Number of points in horizontal directién.'
M -; Number of points in vertical direction.
CNTRLO - Least value of array X.

CMAX ~ Greatest value of array X.

CNTRAL -~ ABS(CMAX-CNTRLO)/10. -

NC - iF NC=0: CNTRLO and CMAX are returned.

IF NC=1: CNTROL, CMAX, and CNTRAL are returned.
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COMMON Blocks Required: COMMON /ARRAY/ X

.Subroutine and Function Subprogram Required: HNone.

SUBROUTINE PLOTL
Purpose:
To plot a straight line between two points.
Usagé:
' CALL PLOTL(X1,Y1,X2,Y2,SCALE)

Description of Parameters:

.43 Abscissa of starting point.

Y1 Ordinate of starting point.

X2 Abscissa of end point.

Y2 - Ordinate of end point.

SCALE - Scale factor used in converting (Xl;Yi) and (X2,Y2) to

proper plot size.
Remark:
PLOTL 1is equivalent to the following two statements:
CALL PLOT(SCALE*X1+2.,SCALE*Y1+0,25,3)
CALL PLOT (SCALE*X2+2,,SCALE*Y2+0.25,2)
Where PLOT is a standard VPI plot subroutine.
COMMON Blocks Required: WNone.

Subroutine and Function Subprograms Required: None.

SUBROUTINE PLOT3
Purpose:

Te draw a perspective view of a contoured suface.
Description of Parameters and Important Variables:

N ~  Nuwmber of data points along first axis.

M - Numher of data points along the second axis.
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NUMPAT - Pattern number {(for labeling)

K - Code that' tells whether to draw the grid lines:
K=1: Along the N-Dimension only.
K=2: Along the M-Dimension only.
K=3: Along both dimensions.

SDISTS - Distance from surface to eye when perspective is calcu-
lated -- SKISTS > .6 usually won't show any distortion
due to PARALLAX,

TAW ~ (In degrees} How far the object is turned away from the

viewer,
PITCH - (In degrees) How the surface is lowered or raised at the

front edge. (Positive pitch tends to expose the top of
the figure,)

SIZE - (In inches) The size of the cube that encloses the figure.

KODE - "“Hiddén Line" switch, If KODE=0, do not draw hidden lines,.,
If KODE=1, all hidden lines are plotted.

MGN - Whether to draw the outline of the cube to help orient the
viewer. MGN=0: Do not draw any outline of the cube, MGN=1:
Draw the outline of the cube separate from the figure., MGN=2:
Draw the outline of the cube superimposed on the surface plot,
MGN=3: = Draw only the three edges of the cube that meet at the
origin, superimposed on the surface plot.

SCALE - How tall to make the surface relative to the height of the
cube., SCALE=0: Do not scale the data at all but trust the
user that the data is”not so high that it runs off the paper.
SCALE=1: Scale the data so the top of the data just touches
the top of the cube. SCALE=0,3: Scale the data so the top
of the surface is three-tenths as high as the cube.

Remarks:

i. It is very expensive to draw opaque surfaces, because the program has
to determine the visibility of every point, the computer time doubles
or triples...Depending on how many line segments are partially visible.

ii, The contents of array A are destroyed in computation.
COMMON Blocks Required:
COMMON /ARRAY/ A

COMMON /THREEG/ ANGA,ANGHE,HV,D, SISV
COMMON /THREE7/ SL,SM,SN,CX,CY,CZ,0X,QY,Q%,SD
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Subroutine and Function Subprograms Required: THREE2, THREE3, THREE3,

THREE5>, PLOT, FACTOR, SYMBOL, NUMBER.

Reference: Howard Jesperson, Lowa State University.

SUBROUTINE THREE2

Purpose:

To find the corners of a three-dimensional rotated cube,

Usage:

CALL THREE2(X, Y, Z, XP, H, V, KODE)

Description of Parameters:

X,Y,2)
XP

(H,V)

KODE

COMMON Blacks

Vectors of length 2, Position of rotated vertices.
Height above paper.

Vectors of length 10. Location of projected vertices
paper.

Dummy variable

Required: None

Subroutine and Function Subprograms Required: THREE4

J

SUBROUTINE THREE4

Purpose:

To find the location of a point in the rotated cube.

Usage:

CALL THREE4(X, Y, Z, XP, YP, ZP, KODE)

Deseription of Parameters:

(X,Y,2)
Xp

(YP,2P)

Coordinates of point to be located,
Height above paper of point.

Coordinates of projection on paper.

THREES ,

on
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COMMON Blocks Required:

COMMON /THREE6/ ANGA, ANGB, HV, D, SH, SV
COMMON /THREE7/ SL, SM, SN, CX, CY, CZ, QX, QY, QZ, SD

Subroutine andiFunction Subprograms Required: None.

SUBROUTINE THREE3

Purpose:

To plot a perspective of a three-dimensional figure.

Usage:

CALL THREE3(X, Y, N, M, U, V, K, KODE)

Description of Parametets:

X
Y
N
M

H,V

K

© KODE _

Vector ofllength 2  3

Vector of length 2

Number of points in first direction
Number of points in secénd direction

Vectors of length 10...Coordinates of projected vertices of
cube.

Grid Line Code (See Subroutine FLOT3)
'f

Hidden Line Switch (See Subroutine PLOT3)

COMMON Blocks Regquired:

COMMON /THREE6/ ANGA,ANGB,HV,D,SH,SV
COMMON /THREE7/ SL,SM,SN,CX,CY,CZ,QX,QY,QZ,SD
COMMON /ARRAY/ A

Subroutine and Function Subprograms Required: THREE4, THREES, PLOT

SUBROUTINE THREES5 )

Purpose:

To see if a point on the projected three-dimensional figure is visible,

Usage:

CALL THREE5(XI, YJ, M, ¥, P, KODE)



A-72

Description of Parameters:

I -

¥J -

KODE

Abscissa of the projected point.

Ordinate of the projected point.

Number of horizontal points,

Number of wvertical points.

PLOT CODE; IF P = =1 INVISIBLE TO VISIBLE
1 VISIBLE TO INVISIBLE
0. VISIBLE TO VISIBLE OR

INVISIBLE TO INVISIBLE.

Hidden Line Code (See Subroutine PLOT3)

COMMON Blocks Required:

COMMON /ARRAY/ A :
COMMON /THREE6/ ANGA, ANGB, HV, D, SH, SV
COMMON /THREE7/ SL, SM, SN, CX, CY, CZ, QX, QY, QZ, 8D

Subroutine and Function Subprograms Required: None.

. VPI UTILITY
Subprograms
DATE
STIME
fIMEON

TIMECK

Reference:

7.5.2 Virginia Tech Subroutines

SUBPROGRAMS
Purpose
To return the current month, day, and year.
To return the time of day in ten thousandths of an hour
(Integer Format)
To set the interval timer to zero
To return the amount of CPU time used in hundredths of
seconds since the last call to TIMECK.
VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY, "COMPUTING

CENTER USER'S GUIDE," VOL. 7, "UTILITY PROGRAMS."

VPI PLOTTER SUBROUTINES

Subroutine

AXIS

Purpose
To draw a labeled axis of a desired length with annotated
tic marks every inch.
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FACTOR To scale the plot in both the X and Y directions.
NUMBER To draw a floating point number.
PLOT To move the pen from one point to another, to draw a

line between peints, to establish a new origin, and to
signal the end of a plot.

SYMBOL To plot a string of alphanumeric characters,

Reference: VIRGIﬁIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY, "COMPUTING
CENTER USER'S GUIDE,” VOL., 6, '"THE PLOTTER." :

INTEGER FUNCTION ICVT
Purpose:
To convert an integer to character format interﬁal éoding.
Usage: |
ICHAR=ICVT (NUM)
Remarlk:
This function was originally written in assembler. Object deck is read

in under the SYSLIN dataset.
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7.6 -Statement Listing of ANTDATA
7.6.1 Job Control Language
Listed below are the JCL statements required for the ANTDATA program

to run on the Virginia Tech IBM 370/155 system.

//BC663PLS JDB 507C2,COFFEY :

/¥MAIN TIME=]19,L INES=3,REGIGN= 2‘0KvCARDS C
F*PRIORITY PRIORITY _
/*FORMAT  PL,FORMS=PFGURAGV 4 PEN=XXFINE,DDNAME=CALCUMP
// EXEC FORTGCGPARM.GO='"PAPER=394PTIME=119'+ EP=MAIN
//FORT.SYSIN DD %

/% _
//GD.SYSLIB . DD - & 4
7/ DD DSN=VPI.PLOTLIB,DISP=SHR

/7 DD DSN=VPI.SSPLIB,DISP=SHR
//G0.SYSLIN DD

1/ DD *

/*

//GG.FT22F001 DD DSN=ANTDATA.ASQTCZ2yUNIT=3330,VOL=SER=USERPK,0O]SP=SHY
//GO0.FTOGFG0L DD SYSOUT=A,DCEB={BLKSIZE=133 4RECFM=F)

//7GC.SYSIN DD #

I ®

/!

7.6.2 Source Listing

Listed below are the FORTRAN IV statements of the ANTDATA program.
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PROGRAM ODFSCRIPTION:

ANTGATA 1S THE GUTPUT PROUGRAM USED IN CUNJUNCTICH WITH ANTSY™Z.
BY SPECIFYING APPROPRIATE PARAMETERS ANTDATA WILL GIVo A UNE,
TWC, CR THREE DIMENSION PLOT OF THE PATTERN (IN DU.), THT SUURC
MAGNITUDY » AND THE SOURCE PHASE.

INPLT/OUTPUTS

THE MAJORITY OF INPUT IS TAKEN FROM ANTSYN2 VIA DIRECT-ACCESS
UNTT 22 {(ANTOATA.A507C2). PARAMETERS AND JO8 OPTIONS ARD SUPPL
THRUUGH UNTT S5 (SYSEN). ALL DUTPUT IS CHANNELLED TC UNIY 6
(SYSPRINT) AND THE PLOTTER (PLOT1). ‘

VERSICN § 73 - 094 —— APRIL S5, 1973

WRITTEN BY: We L. STUTZMAN
S« R. KAUFFMAN
E. L. COFFEY

UNCER NASA GRANT: 47-004-103

ADDITIGNAL SUBPRUGRAMS REQUIRED:

[CVT -- ASSEMBLER LANGUAGE SUBPROGRAM TO. CONVERT N [2 [NT.GE
T0O A2 CHARACTER FORMAT.

: ;
CEFINE FILE 22835,9100,E,NRECY

ODIMENSION A{151,151) PTS{4001) 4US(500),VS(500) CORCUFIDC0)
CIMENSION UORG{100),.VORG{100).CORGE100)

CI¥ENSICN ALLISLYI AVELST)

INTEGER TITLE(Z20)

REAL IMITLS-UNETLT

REAL LOWCUN

INTEGER CGPTIU,CPT1V,0PT2,0PT3,PX,.PY

COMPLEX CTEMP,CI

COMMON /PLTLF PTS

CCMMON ZARRAY/ A

COMMON FPATLS PLloP2:P3,P4,P%,P6,P1,55(400}, TT(@UC] RE(40:0)
COMMON /PAT2/Z 11512:03.:14415

COHMCN /LOGC/ ITYPE

IiPAGE=0

PI=3.1415928%

CI=CMPLE{Q.0+1.01)

CALL STINMECITIMESD

FIBE=0.

§999 CONTINUE



21
22
23
24

75

27
28
29
30
31

33
3%
35
36

37

38

39
4C
41
42

43
K %
45
4é

47
44

49
S5C

51

52
53

54
55

56
27

B8

OCVOD

aNaNel

s EaNe

laNeNel
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CALL TIMECN

[PAGE=1PAGE+]

CALL DATEIT1,J1.K1)

CALL STIME(IT}

IHR=1T/1CO00

1ER=IT-1HRS L0000

FHR=IFR/10000.

FM=FHR260 .

IMIN=FM

[SEC={FM-[MIN)#&0

IHR=TCVT { IHR)

IMIN=ICVT {EMIN)

FSEC=ICYTLISEC)

1PG=1CVT{ IPAGE)

WRITE(6, 1)
1 FORMATUIHL.2X,*ANTDATA [
$8X,0yPl EE DEPT.®
$5X, 0T IME =

s DX "DATE =
PehA2p?aloA2°

READC PATTERN NUMBER AND TRACK -- VERIFY THAT PATTFR [S ACTUALLY

STORED

REAU(S,10,END=999) NUMPAT ,NUMTRK

1C FORMAT(i4IS)
[F{NUMPAT . EQ.0) GO TO 999
WRITE(6,704) NUMPAT
FORMATL?®
REAC (22 NUMTRK,20])] NUM

704

2C FORMAT{AL)
IFINUMLFL.NUMPATY GO TO 51
NG 30 I=Z.25
READR(Z22'1.20) NUM

[E(NUM.EQ.NUMPAT) GO TO S0
30 CONTINUE

NUMPAT TS NGT ON DISK

WRITE{6,40) NUMPAT

4C FORMATIIHC,*PATTERN NUMBER®,[5,°

co 1C 999
NUMPAT FOUNMD OWN

50 WRITE(6,60} NUMPAT,NUMTRK,I

60 FCRMAT(LHO, O PATTERN NUMBER® ;15,7

$7 BUT wAS LOCATED ON TRACK® .12}
NUMTRE=]
51 COnTINULD
REGIN PRUCESSING

READ(5,10) MMAX NMAX
READ(Z2ZTNUMTRRK.7C) ITEMP,ITEMPL

TC rCRMATILO4X 2A%)

11:J0,K1g THR, IMIN,ISEC,IPG
VERSION 1

V442,
T5A2+10Xy "PAGE CO0',A2 ///)

LEVEL 2°*,
'—',AZ.'-—' 'A2|

PLOT CUTPUT FOR PATTERN'.IS, th)

WAS NOT LOCATED —-— PRUGRAM HALT')

UNEXPECTED TRACK

WAS NOT FOUND ON TRACK?

Wi 2
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59 RF&D(ZE"NUM?RK 1C1} NUMPAT,TITLEoISYMMaITER,, ISUC FNURM,INVISK,
$NCRG, IC, TUCRG(J) o VORGIJ D CURG{JieJ— +ITEMP),
$(US(JIrVS(Ji9CGRC0FIJan=1,lTEMPIl,ITYPE.P[,PZ,P3,PA,P5,P&,
FPTLUSSUY) o TTUU) 9J=1,400) s TLsI12913414415,MCUR,NCUR

&0 1C1 FCRMAT(75A4,11{200A4))

C
C REAL CPTIONS FOR PATTERN MAGNITUDE
'

&1 REAG(5,29) 0PTIU.OPTIV,0PT2,0PT3

62 29 FORMATLGLL)

63 IF(CPTIU-1} 80,811,860

&4 €1 CCNTINUE

€5 REAG(S5,31) CCNSTY

£e IF{MMAX.LE.1) GO TD 80

X4 LC 90 J=1.4001

&8 U={J-1)%C.0005-1.0

&9 SUM=0.

70 . CC 911 K=1¢NORG \

71 911 SUM=SUM+CCRGI{K)I*=PAT{U-UORGLK), CUNST—VDRG(KI.ITYPL)

72 IFUIC.LF.0) GO TO 9C

73 CC 51 K=1,IC

14 , SUM=SUM+CORCOF(K}%#PATIU-USIK) CONST-¥SIK), ITYPE)

15 91 CONTINUE

16 9C PTS(J}=7C.*ALOGL1O0{ABS{SUM) )

17 . WRITE{6,92) CONST

78 92 FORMAT(9CU-AXIS PRUFILE PLOT REQUESTED —- Vo= 1,F6.3)

79 CALL PLOTI(-1.0s1.0:4C0L,2,CONST4NUMPAT)

80 8C LF{OPTIV-1) #2,83,82

g1 B2 CONTINUE

82 REAGIS,31) CONSTY

a3 IF{NMAX.LE.1}) CD TO 82

a4 DC 90C J4=1,4001

8% Y={J-11%C,CC05-1.0 -

ﬁ(e SUP-—-OO . . i

87 GO 909 K=1,NCRG

ag 9CG SUM=SUM+CORGIK}*=PAT (CONST-UORGIK) o V-VORG(K) ,ITYPL)

89 IE(EC.LE.C) GO TO 900

90 L 910 K=1,1C

91 G1C SUM=SUMSCORCOF{K)*PAT(CONST~USIK)V-VSIK},ITYPEC)

g2 SCC PTS{S1=2C.*ALOGI0{ABS{SUM) - )

93 WRITE(6,931 CONMSY

94 93 FOAMAT(:CY-AXIS PROFILE PLOT REQUESTED -- U = ';F6.3)

9% CALL PLOTI({-1.Co1.0,4C000Lo1,CONST,NUMPAT)

36 B2 [FI{CPT2+0PT3) 85,85,84

97 84 CONTINUE
c .
o GENERATC PATTERN ARRAY
C .

98 REAO(5:31) LOGWCON,DASH

g IF(MMAX.LE.1 -OR. NMAX.LE.1) GO TO 239

10C . DELTAU=2,0/{MMAX~1})

1Q1 CELTAVY=2.0/{NMAX-1)

102 WRITE(&,7CL) LOWCON,LOWCON

103 701 FORMAT{'OPATTERN IS NOW BEING GENERATEU. [F PalTERN < ',F7.<,

$0 PATTERN = ?oFT.2}%
1C4 AFUITYPE GT. 5) GU TG 5CCC



1C5
LC&
1C7
1Cs
109

11

111
112

113 .

114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129

130

131
132
133
134
135
136
137

138
139
140

141
L42
143
144
145
1486
147
148
149
15¢C
151
152
153

In Rl

2CCG

201¢€

203¢

2640
2020

5CCcC

242

202

- 2023

201
2CC
239

2ii
31

257
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LOAC UP AU ANC AV.

0O 2CCC 1=1.MMAX
U=(1-1)Y#CELTAU
ﬂU{Il=pﬁT‘U|0o'ITYPE,
CO 2010 J=1,NMAX
V=(J-1)*CELTAV
AVIJI=PAT(C. sV, ITYPE)

BEGIMN -
j==1.0-DELTAU
OO 2020 M=} ,MMAX
U=U+DELTAU

Vv=-1.0-DELTAV

0C 202C N=1,NMAX

V=V+DELTAY

TEMP =0,

B0 2030 K=1,NCRG

1=46S (U-UORG(K))/DELTAU+1.5
J=ABS(V-VORG{K) ) /DELTAV+1.5
TEMP=TEMP+CORG(K)I#AU(T ) #AV(J)
IF(IC.LE.C) GO TO 2020

DC 2040 K=1,IC

I=ABS(U-US{K)) /DELTAU+1.5
J=ABS(V-VS(K))/DELTAV+1.5

TEMP=TEMP+CORCUF {K) *AULL}RAV(J)
ALM,N)=20.%AL0G10¢ ABS{TEMP} )
GC TO 239

CONTINUE

CO 200 M=1,MMAX
U=-1.0¢ (M- 1*DELTAU

CO 201 N=1,NMAX
=-1.04{N-1)2DELTAV

TEMP=0,

CO 242 I=1,NCRG

VEMP=TEMP2CORG(1)#PATIU-UORG(1) 5 V=VORG( 1), TYPE)
IF(IC.LE.O0) GO TO 2021

Bo 202 i=1.1C
TE¥P=TEMP+CUORCCF{I}*PATIU—~USTI I, V-V¥SII),ITYPE)
CONTIMUE

ALV NI=20.%ALOG1OU ABS{TEMP))

CONTIRUE
CONTINUE
CONT INUE

IFEGPT2Y 210,210,211

READ(5,31) COMLONW,CONMAX CONINT
FORMAT(EF10.C)

CIF{MMAX.LE.l OR. NMAX.LE.L) GO TO 230

0O 257 Bz MMAX

CO 257 N=1 NMAX

IF(A{M,N) oLT. LOWCON) A{M,NI=LUWCON
CONY THUE

WRITE{6,220) CONLOW,CONMAX,CONINT



154

155

19
158
159

160

1&1
162

163

164
le5
1&6
167
1€8
1&£9
170

171
172
173
174

VS
-1
177
17¢

119
Lag
181
1g2
183
B4
L85
186
1e7
188

189
190
191
192
193
194
19%
196
197
ngg

g

OO0

A=79
220 FCRMAT(POCUNTGUR PLUT GF PATTERN REQUESLTeDY'/

L LCWEST CONTOUR = ",FT7.2/
3 HIGHEST CCNTOUR = ",F7.2/
$! CONTQUR INTERVAL = ',F7.2)

CALL PLCTZ2(HMMAX NMAX,CONLOW, CONMAXyCONINT , NUMPAT,,N1ASH )

21C 1IFLUPTI) 230,230,231

231 WRITE(€,24C)
240 FORMATL{LHO, *THREE — ODIMENSIONAL PLOT OF PATTERN RECUHESTIO®)

CALL PLOT3(FMAX,NMAX ,NUMPAT)
23C CONTINLUE .
[E{MMAX.LE.] ORNMAXJLELLY WRITE(6,23)
21 FORMAT(O © TWQ AND THREE DIM. PLOTS CANCELLTO SIACT SOURCE
$ONT DIMENSTUNALY)
85 COKTINUE

ENDO OF PATTERN

IA=0

IF(ITYPELEC.1) GO TG 401

IF{ITYPELEC.3) GO TO 4C1-

[FIITYPE.EG.4) GO TC 401

IF(ITYPELEGLG) GO TO 401
4CC WRITE(E,4C2)

402 FCRMATUIHG, *THE SOURCE IS AN ARRAY —-= THIS PGM [5 FUR CAONTINLUS 50

$LRCES ONLY*)
IA=1
401 CONTINUE
P3ITEMP=P3
PSTEMP=P5
PETEMP=PE&
IFCITYPE-1) 404+403,404
404 IF({ITYPE-3) 405,403,405
403 CONTINUE
ITYPE= L OR 3
INITLS=0.
DELTAS=0.
FINALS=0,
INITLT=P2
FINALT=P2+4P1
P3=P1/4CC0.
CELYAT=P3
GC TC 410
%05 IF(ITYPE-4) 407,406,407
4Cé CONTINUE
ITYP:=4
INITLS=P3
FINALS=P3+P1
INITLT=P4
FINALT=P4+P2
. PS=P2/4CCO.
P6=P2/4000.
CELTAT=P6
CELTAS=PS
GO TC 41¢
407 CONTINUE
IFCITYPE=6) 410,409,410

15



2¢0
201
2c2
2c3
204
265
2C6
2c7
2c8
2C9
210
211
212
213
214
215
21¢
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
25¢

251

252
293
254
255
2586

409

410

ot

305
304

306
303

301
302

3¢

31%
314

316
313

317

311
322

igcoo
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INITLS=P3

FINALS=P3+2.%P1

INITLT=P4

FINALT=P4+2.%P1}

P5=P1/2000.

P6=pP1/2CC0.

CELTAT=P6

CELTAS=PS

CCNTINUE

READ(5.,29) DPTIU.UPT!V,OPTZ OPT3
[F1CPTIU-1) 302,301,302
CCNTINUE

READ(S,31) CONST

IF{IA.EQ.1) GO TC 30C0
IFIMMAX.LELY) GO TO 302

J=1 o
IF{DELTAT.NEL.C.) J=1.5+{CONST-INITLT)/DELTAT
0O 303 i=1.4001

CTEMP=(0.0,0.0)

IFINCRG.LELC) GO TG 304

CO 305 K=1,NORG

CTEMP=CTEMP+CORGIK}*SOURCE(I,J, UURG(Kl.VORb(Kl.ilY’Ll

[FOICLLE.CY 60 TC 303
CO 306 K=1,1C

CTEMP=CTEMP+CORCOF (K }=SOURCE(I, J;US(K! VS(K!;[TYPEI

PTS{11=CARS{CTENP)

WRITEL&,307) CONST

FCRMAT{'0S—~AX1S PROFILE PLOT REQUESTED -- T =
CALL PLOTICUINITLS,FINALS,4001,2,CONST,NUMPAT)
CONTINUE C

IE(CPTIV-1) 311,310,311

CONTINUE

READIS54.3L) CONST

IFUIA-EQ.1) GO TO 3000

1F (NVAX.LE.1} GO TO 322

(=1

TE(DELTAS.NE.Q.0) I=1.5¢{CONST-INITLS)/DELTAS
U0 313 J=1,4001

CTEMP={C.0¢0.0)

[F(NORG.LE.O) GO YO 314

GC 315 K=1.,NCRG

YyF5.3)

CYEMP=CTEMP+CORG (K} #SQURCE(T »JoUORG(X) , VGRGIKI,ITYPL?

IF{iC.LE-QY GO TO 313
CC 316 K=1,1C

CTEMP=CTEMP+CGRCDFIK)*SDURCEIIgJ.USlKl.VS(K}.ITYPE)

PYS({J)I=CABS{CTEMP)
WRITE(6,317) CONST

FORMAT(9CT-AXIS PROFILE PLOT REQUESTED ~—- 5 =

CALL PLOTICUENITLVFINALY,400L,1 CONST,NUMPAT)
CONTINUE

CONTINUE

CONT INUE

P3=P3TCEMP

P5=PSTEMP

P&=PHTEMP

MCUR=51

NCUR=51

'r"()o_i)



257
258
259
260

261
2862
263
264

265

266
2e7
2¢8
2¢€9
210
271
212
273

274

275
2176
211
2178

279
280
281
282
283
284
2895
286
287

288
289
2990
291
292

293

294
295
296
297
294

aNaluEaEaKnl

laEalel

321

339
332
331
33cC
333

351

24(

350

361

355%

360

32¢

521
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TFIOPT2+40PT3) 320,320,321

CONTINUE
REBD(5,31) LOWCCN,DASH
IFLIA.EC.1) GO TC 333
GENCRATE CURRENT MAGNITUDE ARRAY
GO 33C M=1¢MCUR
GO 331 N=1,NCUR
CALL LOGSCR{MaN,S,T)
CTEMP=0.
EC 339 K=1,NORG
CTEMP=CTEMP+CORGIK)ESOURCE(M,N, UORGCK) $VORG (K}, 1TYPF
LG 332 K=1,41C
CTEMP=CTEMP+CORCOF(KI&SOURCE (Mo qUSTKDY 4 VSIK) ,ITYPE)
A(VyN)= CABS(CTEMP)
CONTINUE
CONTINUE
CONTINUE
IF{0PT2) 350,350,351
READ{5,31) CONLOW, CONMAX.CDNINT
CIF{IA.EQ.L) GO TO 360
IF{MMAX.LE.1.CR.NMAX.LE.1) GO TO 360
WRITE(6,340) CCONLOW,CONMAX,CONINT
FORMAT(®CCONTOUR PLOT OF CURRENT MAGNITUDE RECUESTEDY/
$v LOWEST CONTOUR = 9,F7.4/ :
g0 HIGHEST CONTOQUR = ',FT.4/
g° - CONTOUR INTERVAL = "4F7.4)
CALL PLCTZ (MCUR,NCUR,CONLOW,CONMAX,CONINT ;NUMPAT ,DASH]
IF{CPT3) 360,360,361
IFIIA.EQ.1) GO TO 360
WRITE({65355)
FORMATIIHO, ¢ THREE DIMENSION PLOT OF CURRENT MAGNITUOR KRGl
CALL PLOT3 (MCUR,NCUR,NUMPAT}
CONTINUE
[F(MMAX.LE.L1.OR.NMAX.LE.1) WRITE(6,23) -
CONTIRUE R
END CF CURRENT MAGNITUDE
READ OPTEONS FOR CURRENT PHASE
READ(5,29) CPT1U,OPTIV,0PT2,0PT3
IF(OPT24CPT3) 520,520, 521
CONT INUE

IF(IA.EC.L) GC TO 533

READ(5,31) LOUOWCON.DASH

GEWERATE CURRENT PHASE

CO 530 M=i,HCUR

£O 531 N=1,NCUR

CALL LOCSCUGR{M,N;S,T}

CTEMP=0.

CC 545 K=1,NORG

CTeEMP= CFENPGCERGGKB$SGURCE(M9N UDRG(K)gVURGﬁK},lTYP }

TEL "}
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299 545 CONTINUE
300 DO %32 K=1.,1C
301 532 CTEMP= CTEFP+CURCGF(KI*SDURCF(H,N,USIK),VS(KI,lTYPF).
ace CREAL = REALICTEMP}
3Cc3 CIMAG = AIMAGI(CTEMP)
3C4 Al¥M N} =ATANZICIMAG.CREALY*LB0./P]
3C5 531 CONTIRNUE
306 53C CONTENUE
307 533 CORTINUE
308 [F{OPT23 5504550, 551
3G9 551 READ(5+31) CONLOW,CONMAX .CONINT
310 IF{IACEQ-1) GO TOD 560
311 IFIMMAX LLES]1 . OR.NMAXLE-L) GO TO 560
3re WRITELG,54C) COMLOW, CONMAX,CONINT
313 - 54C FORMAT{®*CCONTOUR PLOT OF CURRENT PHASE REQUESTEL '/
$ ALOWEST CONTOUR = *,F7.2/
g HIGHEST CONTQUR = %,F7.2/
§ 0 CONTOUR INTERVAL = ',F7.2) .
314 CALL PLOTZ (MCURGNCUR,CONLOWCONMAX,CONINT ,NUMPAT ,DALH])
315 S5C IF{CPT3) 560,560,561
316 561 IF{1A-FG.1) GO YO 56C
317 WRITE(6,555)
318 555 FCRMAT{*OTHRCE DIMENSION PLOT OF CURRENT PHASE RLEQULSTENY)
319 CALL PLOT3{MCURNCUR,NUMPAT)
320 56C CONTINUE
. 321 [FIMMAX LE.1 . DR AMAX.LE.LY MWRITE(6,23)
322 520 CONTINUE '
323 CALL TIMECK{ISEC)
324 FEIN=ISEC/8000,
325 . KRITE{O6,897) FMIN ‘
32é& B97 FORMAT{*CEXCCUTION TIME: ®",F6.2,' MINUTES.?)
327 TIME=TIME+FMIN
‘324 GC 70 9999
329 999 LRITE(6.600)
330 60C FORMAT(LIHI %92 END OF EXECUTION #%x2' /J/)
331 CALL PLOT{0.05C-0p—4) .
332 WRITE{6,898) TIME !
333 898 FORMAT{'OTOTAL EXECUTION TIME:2 ?,F7.2,' MINUTES.')
334 CALL STIMELJTIME)
335 ET=JT IHE-JTIME
33é FMIN=ET/10000.%60.
231 WRITE{&6,899) FMIN
338 E99 FCORMAT(QOTOTAL ELAPSED TIME: B,FTa2,y? MINUTES.?
339 STCy
340 ENC
341 SUBROUTINE PLOTLI(PSTRTPEMDIP,CODE;CONST NUMPAT)
C .
C
C SUBROUTINE PLOTY
¢ .
C .
C RRITYEN BY: S. Ro KAUFMAN
C
C
G DATE: ¥3-1173 APRIE 23,1973



342
343
344
345
ELT:
347
3%e
349
35C
351
352
353
254
35%
356
157
358
359
360
361
362
243
3¢4
365
3¢6
367
368
3¢&9
ENAY
371
272
373
374
3rs
30
“3F7
378
379
38C
341
382
383
384

2 iaiaisisicisiaieisinieinks

4

10
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INPUT:

PSTRT. -— BEGINNING OF PLODT

PEND -- END OF PLOT

ipP -— NUMBER OF POINTS TO BE PLOTTED

COCE -~ LABELLING VARIABLE. [F CODE=0:

if CODE=1: LABEL=U = *; I¥ CCDE

- CONST —— CONSTANT PARAMETER FOR LABEL

NUMPAT —— NUMBER OF PATTERN FOR LABEL,

INTEGER NAWE(2),CODE
CIMENSION PTS{4CC1)

CCHBON /PLTYI/ PTS

CALL FACTOR{0.5)

CALL PLOT{B.plays—3)
IF{(COCE.GT.0Y GG TO 3

CALL SYMBCOL{-12250b9o2, BHTHETA = ,0.,8)
CALL NUMBER{.3¢—u8e27CONST 04,3}
GC TO &

IF{COCE-GT-1) GO TO 4

CALL SYMBUL(-I.;*.B..2'1HU'O-gl)
CALL SYMBOL{-094=eBy233H = 40.,43)
CALL NUMBER(=,2+=c85.2sCONST+0.,3)
CAlL SYRBGLI—Zob,-.49.2.2H~V,0..Zl
CALL SYMBCL{Z2:G4y—attye2432H¥V,0.,2)
G0 10 6

IFICODE-GT=2) GO TO 5

CALL SYMBOL{-1os=o8y0291HV,0.91)
CALL SYMBOL(-QQQ-GB’.z"BH = 'chai
CALL NUMBER({=.2¢=oBsa29CONST300,3)
CALL SYMBCOLU=-2:H9=c9aZs2H-Up0:,21}
CALL SYNBG&‘294s”¢4!02t2H+u,0-12’
CONTINUE ’
PREL={PSTRT-PENDI/IP
PTIC={({ABS{PSTRT-PEND)}/10.1}

CALL ANiS"’SDQGoﬁlH BloéofOBBPSTRF'PTHCl
PETRE=PSTRTI¢{6.%PTICY+.00001
PTiC2=PT1C+0.0C00]

CALL AXIS{1os0cplH 9lp%co0apPSTRE,PTICZ)
CALL PLOT(~1ls30.5313

CALL PLOT{l-+0.,2)

CALL PLOT{Qo0s0c03%

CALL PLOTI(D.,%.8,2)

CaLL PLET(Q-,0043) _

CALL SYMBOL(-a050=0%9.2:0H0,0091)
X=0.0%

CC 10 J=1.6

Y=0,.5+{Jd-10#%1.0

CALL PLOTI{-X.Yo3)

CAaLL PLCT{XA,Y2]

CALL PLCT{G.0,0.0,3)
TFIPTSIL)oLE.~50.) PTS{1)=-50.
FS=({PTS{13)/710-045,.5

LASCL=*THETA
= 2: LABIL =



185
38p
387

188

189

iSC

491

3192

3973

354

295

396

197

393

3949

4CC
401
402
4C3

4C4

£C5

406 -

4C7
4£C8
%09
410
411
412
413
414

115

et iataNaiatalsiatalalzishateiateiatiaks

L
“CALL SYMBOL{-%.0¢-0.840.125410HPATTERN = U.,13)
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CALL PLUR(=%.,F5,3])

LC 1 InWt=1,.1P
THETS=({PSTRT-{ TWI*PBEL) }*5.)/{ABS{PSTRT)) .
FORS=((PTS(iN1))/10.)45.5

fF{FOBS.LT.0.5} GO TO 1

CALL PLLCT(THETS FDES,2)

CONTINUE

ENUM=FLOAT {NUMPAT}

C&LL NUFBER(-’ieB?g—O.a'O.lZ‘:\gFNUH,G-,—l’

CALL AXES{-9.5+005.17THFAR FIELD PATTERN,;1735.0s5%ua 50,410,

CALL PLET{Bos=1loes—13}
RETURN
ENC

SURRCUTINE PLOTLCIPSTRT,PEND,IP,CODE ;CONST ,NUMPAT)
SUBROUTINE PLOTIC
WRITTEN BY: 5, R, KAUFHAN

DATE: 73-113 APRIL 24,1973

INPUT:
PSTRT -— BEGINNEING QF PLOT
PEND -- END OF PLOT . '
Ie -— NUMBER OF POINTS TO BE PLOTTEL
COBE - ~--= LABELLING VARIABLE. [F CODE=0: LABEL IS
IF CODE=12 LABEL S %S = %3 If CGCi=2: LA{rL I3
CONST —— CONSTANT PARAMETER FOR LABEL.
NUMPAT ~— PATTERN NUMBER FOR L ABEL.

INTEGER NAFE(2),CODE
CALL FACTOR(G.S)
CALL PLCT{8Bosle,-3)
CIMENSICN PTS{4001)

CCMMON /PLTL/ PTS

I=C

[F{CODE.GT.0) GO TO 3 .
CALL SYMRUL(~3.25-00600.2,BHTHETA = ,0.0,8)
CALL NUMRFR{C.34~00890.2:CONST¢0.0,3)

€0 TU &

[F{CODE.GY.1) GO TO &

CALL SYMBOLI{~1c0¢=0.8,0.2,1HS:0.0,1)

CALL SYMBOL(~0.99=0.8;0.243H = ,0.0,3)
CALL NUMBER{=0.29-0:8;0.,2,CONST,0.0,3)
CALL SYMBOL(=206,:-00%30.242H~T3000,2)

CALL SYMBOL1Z2.4,-00600.20,2H0T,0.0,2)

"THE ¥ i =

LY

]




&le

41T

418
419
420
421
422

423
424
425
426
427
428
429
430
421
432
433
414
435
436

437

428
439
440

44y

442
443

444
445
446
447
448
449
450
451
452
4573
454
455
456
457
458

459
460
461
&62
4673
464
4HE5
466
467
468
669
47¢
471

1C
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GO 10 &
IF{CODE.GT.2)Y GO TG S

CALL SYMECL(~140,3-028+0.251HT40.0,1)
CALL SYMBOL({-C.9,-0.830.243H = ,0.0,3)
CALL NUMBLR{-0a2,~0.8,0.2,CONST;0.0,3%)
CALL SYMHCLU=2.673=0.490e252H-5,0.0,2)
CALL SYMﬁOL(2-",‘0-4,0-2,2”"5'0.0‘2)
CONTINUE '
PCEL=(PSTRT-PEND)/IP
PTIC={({ABS{PSTRT-PEND))/10.0)

CALL AXTIS(+5.CyCaOplH 3144.050.0,PSTRT,PTIC)
PSTRE=PSTRT+(6.0%PTIC)+0.00001
PTICZ=PTIC+0.CC0O01

CALL AXIS(12CeCe0s1H 7194e0,0.0,PSTRELPTIC2)
CALL PLOT(-1.0,0.0,3)

CALL PLOT(1.C,0.0,2)

CALL PLOT (C.Cy0.Cys3}

CALL PLOUTI0.0,5.8,2)

CALL PLOT{C.G,0.0,3)

CALL SYMBOL{-C.CSy~C.4+0:241H0,0.0,1)

X=C .05

LG 10 J=1,6

Y=C0.54+(J-1)*%1.0

CALL PLOT(-%,Y,3)

CALL PLOTIX,¥,2)

CALL PLGT{Cay0.,3)

PSTRS=5.C%PSTIRT

GMAX=0.0C

DO LIWi=1,1P

IFIPTSIIWI).GT.GMAX) GMAX=PTS(INWl)
CONTINUE

IF{GMAX.GT.0.5) ASCLE=1.

[F{CMAX.LF.0.5) ASCLE=0.5
IF(GMAX.LE.0.2) ASCLE=0.2
[FIGMAX.LE.O.1) ASCLE=0.1
IFICMAX.LEL.0.05) ASCLE=0.05
PTSA=((PTS{13)/ASCLE)*5.4+0.5

CALL PLOF{-5.0,PTSA,3)

PC 7 IWl=1.IP

THETA={PSTRT-{ IK1%*PDEL))
THETS={THETA/{ABS(PSTRT)))I%S,
APTS=({PTSIINLIY/ASCLE)}®S.+0.5

CALL PLOT{THETYS APTS,2}

CCNTINUE ,

IF(GMAX-GT.0.5) ATIC=0.2+0.0001}
IF(GMAX.LE.Ca5) ATIC=0.1+40.0001
[F{CMAX.LE.0.20) ATIC=0.04+0.0001
IF{GMAX.LE.D.1}) ATIC=0.02+0.0001
IF{GMAX.LF.0.05}) ATIC=0.01+0,0001

CALL AXIS{~-5.5¢Ca55 16HSOURCE MAGNITUDE ;1645404 90.0,0.0,ATIC)
CALL SYMBOL(-5.0,-0.840.125,10HPATTERN = ,0.,1C)
FNUM=FLOAT(NUMPAT) ,
CALL NUMBER(-3.5,—0.8,Cc125;FNUM,0. ,—1}
CALL PLCT(Gop—=1cy—3)

RETURN ‘

ENC



472

473
474
4575
476
477
478
fn?q

kg0
481
482
4873
484
485
486
487
488
489
490
491
492
493
494
495
496&
597
498
£99
500
501
5C2
503
504

BCS
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SURROUTINE PLOGTLIPUIPSTRT,PEND,IP,CODE,CUNST,NUMPAT }

SUBRCUTINE PLCYIP

WRITTEN BY:z S. R. KAUFMAN
CATE: 73-1113 APRIL 24,1973

INPUT:

PSTRT -~ BEGINNING OF PLOT

PEND -~ ENO OF pLOT

1P - —— NUMBER OF POINTS TC BE PLUTTEG (1P < 40G2)

COCE ~— LABELLING PARAMETER. 1IF CODF = 03 LAHBEL [°%
"THETA = *; IF CODE = 1: LABEL IS *S = ¢5; {F Chutk
LABEL = 'T = *,

CONST —-- CONSTANT PARAMETER IN LABFL.

NUMPAT -- PATTERN NUMBER FOR LABEL.

INTEGER NAME(2),CODE
CIMENSICN PTS(4001)
COMMON /PLYL/PTS

CALL FACTCR{0.5)

CALL PLGT(8a4lay-31)
IF(CO0E.GT.0) GO TO 3

CCALL SYMBOL(-1.24-6.4.2,BHTHETA = ,0.,4)

CALL NUMHBER{.3,-.8,.2,CONST50.,3)
GO TO &

IFICOCE.GTL1) GO TO 4

CALL SYMEOL(-l1l.9-e8ye241HS590.,41)
CALL SYMBUL[—;Q,—,8g=2u3H = 90;93,
CALL NUMBER{-.Z'-.B'.Z'CUNST‘0"3)
CALL SYMBOL(—Zoﬁ’-.4fn2,2H‘T|.0'2l
CALL SYHBDL{2.4,—.4,.2,2H+T-,.0.21
cO TO &

IFICOPE.GT.2} GO TO 5

CALL SYMBOL(~1las=aBre2slHT40.,1)

i-CﬂLl SYMBOL(~.99=c8sale3H = 4053}
CALL NUMBER(-o23~o8ea2yCONST+0.,3)

CALL SYMBOL{-2.64ebs.2+2H-5,0.,42)

CALL SYMBOL(Zohe—otye2y2H+S5,0.,42)
PCEL={PSTRY-PENDI/IP

PTIC={ (ABS{PSTRT-PEND))I/10.0}

CALL AXES{-5.0:0:001lH 5ls%aCs0.0,PSTRT,PTIC)
PSTRE=PSTRT+{6.0%PTIC)+0.00001
PTIC2=PTIC+0.00001

CALL AXIS(lo90aslH o194e+0.4PSTRELPTIC2)
CALL PLGT{-1.40.93}

CALL PLOT{1.45C..2)

CALL PLGT(C.:Cos3)

CALL PLOTE0.55.802)

CALL PLCTI{C-50-031)

4



50¢
507
5C8a
S5C9
510
511
512
513
514
515
516
517
518

519,

520
521
522
523
524
525
526
521
528

529

53¢C
531
532
5313
534
535
536
537
538
939
54
541
5&2

543

544

545 -

246
547
944

549

55¢C

N eYaiziskaiskakaizln
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CALL SYMBOL{-.0%¢—at4+2,1HO,0.41)
X=C.05
GG 10 J=1.,9
Y=C.5+{J-1}%*1.C
CALL PLOT(-X,Y+3)
CALL PLOTIX,Y,2)
CALL PLCTi0.0,0.043)
BC 1 Iwl=1.1¥
THETA={PSTRT~-(IW1*PDEL})
THETS={THETA/{ABS(PSTRTI})%S5,
PANGS=PTS(IN1) /180,24 44,5
IFUIWREQ-1ICALL PLOTITHETS,PANGS,3)
IF(IN].EQ.1)GO TD 1
CALL PLCOT(THETS,PANGS,2)
CONTINUE
CALL AXIS{-5.9;0.5¢14HAPERTURE PHASE 14,484,904, ~1080.,a%.)
CALL SYMAUL (~5.0,~04840+125, 10HPATTERN = ,0.,10)
FNUM=FLCAT{NUMPAT)
CALL NUMBER{-3, 5;'0¢8'G-125tFNUM 0.,*1’
CAaLL PL&T!B-' 101*3'
RETURN
ENC -

SUBROUT INE PLCT2(N;M,CONLOW,CONMAX,CUNINT ;NUMPAT,DASH)

A= N BY M MATRIX OF DATA POINTS

CONLOW= LOWEST CONTOUR TO BE PLOTTED

CONMAX= HIGHEST CONTOUR TO 8€ PLOTTED

CONINT= INTERVAL BETWEEN CONTOURS

WORDS= TEXT COF PLOT LABEL

NCHAR= NUMBER COF CHARACTERS INPLOT LABEL
CONTOURS BELOW -40. ARE PLOTTED AS DASHED LINFS

CIMENSICN A(151,151),RA(151),RBI151),X{151),Y(1L51)
COMMON /ARRAY/ A
CALL PLUTQ8¢1000_3‘
CALL FACTQOR (0.7}
MS=M

NS=H

RATIO=MS/NS
SCALE=10,
ANM=AMAXC{N~14M-1)}
IF{RATIO-1.0¥1:0,2
SH=ANM

SY=RATIOTANM

GC 70 3

5X=1. IQAT[U*ANH
SY=ANM
SMAX=AMAXLI{SX,S5Y)
SS=SX/5VMAX
SYS=SY/SHAX
IF{CONINT) L4405
CaLL CNLALIM M CNTRLO,CMAX,CNTRAL 0}
GC 70 7



5§
552
553
554
555
554
557
558
559
56C
S&1
562
563
564
56%

566

561
568
5¢&7
57C
571
572
573
514
575
516
577
578
5749
S840
581
582

583 .

584
585
586

587

588
589
590
591
592
5973
594
595
596
597

598

599
&CC
¢G1
602
603
604
6CS

606

607

5

1125

27

28

3C

35

371

39
4&C
41

42
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CNTRAL=CONINT -
[IFICONMAREQ, CONLUH?GU TC &
CNAX=CONNAX

CNTRLO=CONLUW

GO 1C 7
CALL CHNLAL(N,M,CNTRLO, CHAK,CNTRAL 1,
CCNT LNUE
CONLOW=CNTRLD
CONMAX=CMAX
CONINT=CNTRAL
CALL PLCTL{SS,S5Y5,0.,SYS5,5CALE)
CALL PLOTL{Ga40a245SS¢0.4SCALE)
CALL PLCTL(SS:0.955,5Y5,SCALE)
CALL PLOTL(C..S5YS,0.,0.,5CALE)
CALL PLOT{1.00+0.25,3)
CALL PLOT{0.60,0.25,2)
CALL PLOT(0.60,8.25,2)
CALL PLOT{1.C0,8.25+2)
CALL PLOTE1.00,C.2552)
CALL SY#BDL (0-83'0.45!0-12'IOHPATTERN = 'QC-|10,
FNUM=NUMPAT :
CALL NUMBER{O.8842. UTS:U.IZ'FNUH G0uy—-1)
YCOCNA=1.0/5MAX
DELTAX= SX/FLUAT(N-I)
X{11=0.0
¥Yil)=0.0
RB(1) = A{1,1)
CO 27 J=2.H
RE(JI=A{J,1)
X(3)=X({J-13+DELTAX
DELTAY=SY/FLOAT(M-1)
£ 28 J=2,¥
Y{Ji=Y{J-1)+DELTAY
CC 118 K=2.M
G 30 J=1eN
RA(J)=RB(JI)
RBESI=ATI K
CO 118 J=2.N
ASSIGN 112 TC L
RR=RALJI)
Xx=X{J)
Yy¥=Y{K-1}
RL=RR
ML= XX
YL=YY
[F{RL-RALJ-11}} 41 ¢40 ,40
fF{RL-RBIJ)}G2,50 ,50
RL=RATJ-1]
AL=X (411
Yi= Y{K-1)
GC TU 4C
RL=RB({J)
=X (J)
YL=Y{K)
G0 70 5C
RS=HR
XS=XX
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608 YS=vY
- 609 IF{RS-RA(J-1)) 52, 52,53
610 52 TF(RS-RR(1J}) 60,60,54
Gl1 53 RS=RA[JI-1)
612 : xXS=xX {J-1)
&13- ¥S =YIK-1}
614 GO TO 52
615 54 RS=RB{J)
a14 %X5=xX (J)
617 ¥S=¥ (K)
618 Ga 70 60
6lg 6C RM=(R
az2¢ XM=xX
&21 YM=YY
622 IF{RM~-RS5)} 62, 62,61
623 €l IF{RM=RLITC +€2 ,62
624 62 RM=rRA{J-1) :
625 XM= {J-1}
626 Y=Y [K-1) '
627 IFI(RM=-RS) 64,664,563
629 63 IF{RM-RL}Y 70;64,64
629 - 64 RM = RB{J}
630 - XM=x (J)
631 YR=Y (K}
&32 TC YCS=YS*YLONA
633 . YOCM=YMEYCONA
&34 YCL=YL&YCONA
635 71 YS=Y¥S$-3Y
&36 YM=YM-SY
637 YL=YL-SY
638 T2 MCS=XS/SMaAX
6539 RCM=)XP/S5MAX
640 XCL=XL/SHMAX
641l _ fC = CNTRLO .
662 80 IF (RC-GT.CHMAX } GG 70 110
6473 IF { RC -.NE. RM ) GO TO 91
644 81 IF { R .NE. RS } GC T0O 91
645 82 IF { RL -€Q. RM } GO TO 100
646 91 IF{RC-RS}100,:,95,92
647 292 IF{RC-RH1}96:93:94
648 93 XPA=XCM
649 YPA=YCH
650 GO T0O <99
651 94 (F{RC-RLILICGE,1034110
652 95 €=0.0
653 . GO TO 97 ,
654 26 Q = {RC-RS)Z7{RM-RS)
6485 - 97 HPA = RCS-QTIRCS-ACH)
6%6 YPA = YCS-QUG{YCS=YCM?
657 . 99 @ = {RC-RS)/IRL-RS)
658 XPB = XCS-Q#{ACS-XCL)
659 YPEB = YCS-Q#{YCS-YCL}
€60 IF{RC-DASH} 10115,10115,10116
61 10115 RPB1I=0.5C(RPA4XPB])
662 YPRL=0.5%(YPALYPB]
6813 EF(ABS (XPA-XPRLEI--,00115001,5002,5002

£&64 5CC1 IF{ABS (YPA-YPB1!-.001)100,%002,5002



663
6&6
aa’v
668
€69
670
&£71
&72
&773
674
615
&7
677
G618
619
680
&81]
&£82
€83
&84
685
&8¢e
&ev
688
689

&sC

691
692
593
694
695
96
697
698
699
70
701
102
703
704
705
706

707
708
709
71¢
711
712
713

114

- 715

716

717

718

5002

1C1146
5003
5CC4

106

103

10¢&

110
112

10

2C

3C

40
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CALL PLCT{SCALE%*XPA+2.,SCALEXYPA+0.25, 3)
CALL PLOT{SCALF®XPB1+2.,SCALE*YPIil+0. 25 2}
GC 70 1C0

IFTABS (XPA—-XPB)~.00115003+5004,5004
IF{ABS (YPA-Y¥PB)-.001)100,5004,5004 _
CALL PLOT{SCALE*XPA+#2.,5CALE*YPA+0.25,3)
CALL PLOTUSCALEXXPB+2.,5CALE®*YPH+0.2%,2)
RC = RG + CNTHAL

GO YO 8¢ :

XPA = XCL

YPA = YCL

Ge 10 99

G={RC~- RM}/(RL*RM)

XPA=XCH-Q%{ XCM-XCL}

YPA=YCH~ Q*{YCN-YCL’

GG TG 99

GC 70 Ly{112, 1183

ASSIGN 118 TO L

RR =RBlJ-11}
XX =X {J-1)
Yy =Y (K}
c0 10 37
i CONTINUE
CALL PLOT (SCALE+64,0.,-3)
RFTURN _ :
EnD

SURROUTINE CNLAL {NyM,CNTRLO,CMAX,CNTRAL,NC]
DIMENSICN X{151,151) ‘
COMMON /ARRAY/Z X

AMAY=X{1,1)

AMIN=X{1,11}

CO 10 J=1,.¥

00 10 [=feN

KEAX=AMAXLLXMAX X (L,d))
AMIN=AMINLOXMIN X T, J))

IFINC.EQ.1) GO TO 40

IF{XMAX.EQ.0- 1060 TO 20

SN=APIN/XMAX

EF{SNYZ2Ce 20,30

XCCh=ABS {HMAX}

IF{ABS(XMIN) .GT-ABS {XMAX D IXCON=ABS (XMINI
CNTRAL=XCON/10.

CMAX=XMAX '

CNTRLO=CNTRALZAINT {XMIN/CNTRAL)

RETURN _

HCON=ABS{ XMAX-XMIN)

CNTRAL=XCON/L0.

CNTRLC=XMIN

CHAX=XMAY

RETURN

CHMAX= CNFRAm#AINTaXMaxICNTRALb
CNTRLO=CNTRAL®AINT(XMIN/CNTRAL}

RETURMN

ENEC



ti9
12¢C
121
722
T213

5
72¢
727
128

A=91

SUPRCUTINE PLCTL(X1l,YLsX2:Y2,5)
DIMENSICN X{2),Y(2}

X(1)= S #X1+2.

X{2)= § %X2+2.

Y{1)= S #Y1+0,25

Y{2)= S #Y2+0.25

CALL PLOTAX{1)sY{1),3)

CALL PLOTI(X{2):¥{2Y,2)

RETLRN
ENE

SUBROUTINE PLOT)

PURPCSE:

TO DRAW A PERSPECTIVE VIEW GF A COUNTOURCED SURFALT .

UESCRIPTfGN OF PARAMETERS AND IMPORTANT. VARIABLES:

N -
M -

NUMPAT

K -

CISTS

YAK -

PITCH -

Siit -

KCEE -

MON -

SCALE -

NUMBER OF DATA POINTS ALONG FIRST AXIS.
NUMBER OF DATA POINTS ALONG THE SECOND AXIS.
PATTERN NUMBER (FOR LABELLING). .

CCDE THAT TELLS WHETHER TO DRAW FHE GRID LINES:
K=13 ALONG THE N-DIMENSICN ONLY,
K=2: ALONG THE M-~-DIMENSION ONLY.
K=3: ALONG BOTH UIMENSIONS.

DISTANCE FROM SURFACE TO EYE WHEN PERSPLCTIVE IS
CALCULATED —= SDISTS > & USUALLY WONT'T SHUW ANY
CISTORTION ODUE TO PARALLAX.

{IN DEGREES) HOW FAR THE OBJECT IS TURNED AWAY FROM
THE VIEWER. ' i

{IN DEGREES) HOW THE SURFACE IS LOWERED OR RATSED AT
THE FRCONY EDGE. (POSITIVE PITCH TENDS TO RXPOSE TP
TOP OF THE FIGURE).

(1N §NCHES) THE SIZE OF THE CUBE THAT ENCLUSES TH:
FIGURE.

“HIDDEN LINE™ SWITCH. IF KODE=0 DO NUT DRAW HIDDi:N
LINESss«1F KODE=1,y ALL HIDCEN LINES ARF PLOTTED.

WHETHER TO DRAW THE OQUTLINE OF THE CUst TU HELP GRIENT
THE VIFWER. MGN=0: DO NOT ORAW ANY QUILINT OF [IHE
CURE. HMGN=1: ORAW THE OUTLINE CF THE CURE SEPARATE
FROM THE FEIGURE. MGN=2: DRAW THE UUTLINE OF The

CUBE SUPERIMPOSED ON THE SURFACE PLOT. MGN=3T ORAw
CNLY THE THREE EDGES OF THE CUBE THAT MLET AT THC
CRIGIN, SUPERIMPUSEDO ON THE SURFACE PLUT.

HOW TALL TO MAKE THE SURFALE RFLATIVE TU THY HFELIGHT
OF THE CUBE. SCALE=0: DO NOT SCAL: THE Dafa AT ALL
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PUT TRUST THE USER THAT THE DATA [S NUT SC RIGH ToAl
IT RUNS OFF THE PAPER. SCALE=Ll: SCALE Thi DATA i

THE TOP OF THE DATA JUST TOUCHES THL 0P (F THe Clbi.
SCALE=0.3: SCALE THE DATA SO THE TOP OF Thi SUxFali [
THREE TENTHS AS HIGH AS THE Cusf.

HREMARKS.

fo IT 1S VERY EXPENSIVE TO ORAW OPAQUE SURFACES, BECAUST THg
PROUGRAM HAS TO DETCRMINE THE VISIBILITY OF t£VERY POINT, THE
COMPUTER TIME DOUBLES OR TRIPLES...DEPENDING ON HOW MANY LINE
SEGMENTS. ARE PARTIALLY WVISIBLE. '

fi. THE CONTENTS OF ARRAY A ARE DESTROYED IN COMPUTAT[UN.

COFFON BLCGCKS REQUIRED:

COMMON /ARRAY/ A
CCMMCN /THREE6/ ANGA ANGByHV 404 5H,5V
CCVMON /THREET/ SLoSMpSNoCX LY CL0%X,QY,UZ,50

SUBRCUTINE AND FUNCTION SUBPROUGRAMS REQUIRED®

THREE?2
THREE3
THREES
THREES
PLCT

FACTOR
SYMBOL
KNUMBER

REFERENCESHOWARD JESPERSON, IOWA STATE UNIVEKSITY.

MOODIFIED FO®R USE AT VPI BY: ROBERT C. KEPHART.
S. R, KAUFFMAN
Wo Lo STUTZIMAN
E. L. COFFEY

laNelslvEnielaizinieiatnisininieieinisiainizisialakninisEskaiesEnEs sk iekalsEknieEnlnizEsEa Nl

729 SUBROUTINE PLCTIIM Mo MUMPAT)
C
Cowatdd= N BY ¥ PATRIX COF DATA POINTS
CoedesUOROS= PLOT LABELING
CoxtaNCHAR= NUMBER OF CHARACTERS IN THE PLUT LABLE¢SPACES
C .
730 COFMON /JARRAY/ A
T COMMON /THREES/ ANGAANGB,HVY.D,SH,SY
T3¢ COMMON FTHREET/ SLoSHaSN,CR CYL,CZ,0K,QY,QZ,50
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;33 : DIMENSION HOI0) o (10 oX{2),Y{2),Z (2}, XPI(8),A(151,151)
34 : K=12
T35 SCISTS=¢6.0
136 PITCH=30.
727 YAW=45,
'3y S12E=1C.
749 KOLE=(Q
74C ¥GRN=0
141 SCALE=1.
742 CALL FACTORE1.1}
743 CALL PLCTEBapels—3}
144 CALL PLOT{.645Cuy2)
745 CALL PLOT(.4384,2)
146 CALL PLCT(Oas8a.2)
1417 CALL PLOT(C.0.,2}) - )
748 CALL SYMBOL{0.3+41.0 ,0.12,10HPATTERN = ,490.,10)
749 FNUM=FLOAT {NUMPAT} )
75¢C CALL MNMUMBLR{0.3:2.130 30.12,FNUM,90.,-1)
751 CALL PLOT(1.54-.2.-3)
Clddnk Hhbrkggds
752 ANGA = (YAN#2T70.}) * 0174532
753 ANGB = PITCH % .Cl745%32
754 tv = SIZE

C DIRECTICN CCMPUNENTS TO THE EYE.

755 SL = —COS{ ANGA } & COS{ ANGB )
75¢ SM = -SINI ANGA ) #* COS{ ANGB )
757 SN = =SIN { ANGB }
758 IF { ABS( SN ) .NE. 1.0 ) GU TO 10
759 _ WRITE( & ’ 20 ) _
760 20 FCRMAT ( s1°* , 20X, 20("#%) , / "0, *YOU AKZ ATTLMPTING TO 1O
2K STRAIGHT DOWN { OR UP ) AT THE SURFACE ° )
T3 GO TO 2156 -
762 10 CONTENUE .
763 SO = 1.0 /7 SCRT{ 1.0 — SN &% 2 )
Teq X1y = 1
765 X{2) = N
766 , YiL) = 1
767 ' Y{2) = M
7¢8 T=MAXCG(M,N) |
C FINC THE OIAGONAL OF THE ®CUBE™.
769 D= M % 2 o N®k'2 + T %% 2
770 0 = SQRT { D )
771 SCL = SCISTS # D
C CCCRDINATES CF YOUR EYE.
772 ~ CX = -SL % SCL
173 CY = -SM & SCL
174 CZ. = -SN * SCL

C COORDINATES OF THE PROJECTION PLANE.

78 @xn = CX + D & §{L
126 QY = CY ¢ £ & S¥
777 QZ,= C2 + D & SN
C PPPPPPEPPPPPPPPPPPPPRPRPPP
118 GL TC 2060
. C HRITE{®,10C) CX,LY,CL
C WRITEL&,1C0O) QX,0V,.Q2

779 100 FORMAT{1X,3F15.3)
PEC 2060 Z(2)=A(tol)



781
782
783
784
kL)
786
787
788

789

79¢C
791
192
793
c 194
79%
796
797
7948
799
8gc
801
ag2
803
80«
805
806
8C7
BG8
409
gic
ai1
81z
813
814
819
B1é&
$17
618
819
aza
821
822
423
824
425
826
gav
8§28
829
830
831
832
833
834
835
836

LCGOC

30

206G

213C
2100

Zil)=Al1l.1)

A-94

EG 10C0 Jd=1.N
EC 1000 K=1,.M
ZU1L)=AMINLI(ZOL) ,ALd,K))
Z02)=AMAXY{Z2{2),A{J:K)})

1

) ) F L

HODY — QY ) % 5L ) # 5

CCNTINUE
RANGE= (Z{2)-Z111}}
CCL=1.0
IF{SCALE.NE.O} DOL=T/RANGE*SCALE
C SCALE THE SURFACE TO MAKE A "CUBE™.
GO 3¢ 1 = 1 « N
BC 30 4 =1 o M ,
A LT ¢ =8¢t A1 s Jd) =101
CONTINUE
i1y = C.C
22y = 7 L
CALL THREEZ ( Xs Yo Z» XP 4 H o V ,KDUE)}
BO 213C 1 = 1 « 8
EC T ) = 1 tXP{Th - OX } * SM - |
v (1} =4 vi I} -4 ) % 50
CONTINUE
HE10¥=HIL1Y}
H(9Y=H{1)

1C01
212¢

1CC2

_CALL

0o 16Cl J=1.8
HISI=AMINTIH{9}H(J))
HE1C0Y=AMAXL{HILO0E ,HIJ})

CONTYINUE
Vigi=v{l)}
viiot=vi{l)

00 1002 J=1.8
V{Gi=AMINE{Wwi9) ,vI{J}}
V{10 =AMAXLIVI10) {3} )

CONTINUE

IF{ MGN .EQ. 0) GO TO 2140
S=hy

IF{MGN -EQ. 1} S=1.9

SH
Sy
SH
SY

5/

onon

S/ {HI10)-HIg9) ) .
f¥y{10t-vig) 1
SIGNU AMINL{SH.SYIoSH )
SIGN{SH, SV}

IF{MGN LEQ. LICALL PLOT {0sslss-3)

CALL SYMBOL{ (HULI~HI{GI*SHo (W {LI-VID) ISV, .14,°0%,0., 1)
CALL SYMBOL{{H{3)-H(ODIaSH {¥I3)-Y{O) ) 2SV . 14,°M 0. 1)
CALL SYMPOLU(HIZI-HIOD ) ESH IV{2) V{91 I &SV, 14,92%,0.41)
CALL SYMBOL{IH{S)I-HI{I)I&xSH (¥ {S)-VI9) ) =S¥, .14, N ,0.p1)
CALL PLOT{.035005¢~3) |

CALL
CALL
CALL
CALL

PLOT
PLCT
PLOT
CALL PLOY
[F{ MGN
CALL
CALL
CatL
CALL

PLOT

PLOT

{
(
{
{

{
¢

PLCT ([ {HILI-H{9}IESH,
PLOT { (M{21-H{9h1#3H,

QEQO
PLCT

PLCY ( (HI&)-~HI9)DESH,

{HILI-HI9) }=SH,
(HE3I=H{9) 1%5H,
(H{13-H{23)%3H,
(HES5)-H{3) }&SH,
3} 6O 70 2139
(HI&63-H{D)D#SH,
(HE2)-H{9) I%SH,

(H{3)~H19¥ I#3SH,

(¥i1Y-v{9))1%5Vy, 3)
(V{2V} %5V, 2)
(Yi1i-v(2}1%5V,2)
{vi3i-vi{91}*5v,2)
(VILE-V{9) %SV, 2)
{Yis)-y(91)*5¢y,2)

IVI(6I-VLID) %SV, 2)
(V{2)-V(9) }%SV,2)
(VI4)I-Y{aD ISV, 2)
(Y (3)-v{9)DI%SY,2)



837
838
839
B40
B4
842
843
B4s
845
LY
847
848
849
asn

851 .

8452

E53
BS54

E55
856

857
858

859
gee
gél
862
H63

B8t4

HES
Béé
8e?
Bed
ge9e
870
871
872

813

814
815

Bl

C

c

C

C

C

2139

2140
215C

05C
€7C

G94a
13iC
130

16C
1

CALL
CALL
CALL
CaLL
CALL
CALL
CALL

IF(MGN

PLOT
PLOT
PLOT
PLOT
PLOT
PLOY
PLCT

{

A-95
(H{T}-H{Q) }#*SH,
(HIS)~-H({9}3)%SH,
(H{6)-H{9) }*5H,
(H(8)-H{9))%*SH,
(H{4)-H(9))%SH,
fH{BI-H{9)I®SH,
[H{TI-H{9) §%SH,

-NE- 1) GO TQO 2140

(VETI-VI9))%S5y,2)
{VI5)}-VI9))%5V,2)
(VI6)=-V(9) %5V, 2)
(V(8)-VI9)) %SV, 2)
(VI4)}-v(9))%5v,2)
(ViB)-v(9))%SV,2)
(VI{TI-V(9) %5y, 2)

CALL PLOT (AINT{{H{LOD-H{9}I%SH®2,),-2.05,~3)

CALL THREEZ{X, Y NoMsH, Vel ,KODE}

CCNTIMUE

CABLL PLOT(16.45-1.5,—3}
RETURN

END

SUBROUTINE THREE2 ¢ X, Yo Zs XP o H s V ,KODE)
C FIND THE CORNERS GF THE ROTATED CUBE.

DIMENSICN Xﬂ25gV@ZPeZKZB.HIIOIoV(lOJgXPiB)

L =0

0O 180 1 = 1, 2
CC 170 3 = 1, 2
LO 160 K = 1, 2
L=1L ¢ 1

CALL THREES { XiL), Y{J),

HILD

L6C CONTINUE
17C CONTINUEL
18C CONTINUE
190 RETURN

ENOD

o

V{ L JoKODE )

SUBROUTINE THREE4 ( X, ¥, Z,
FING THE LOCATION OF A POINT IN
COMMON /THREEG/ ANGA , ANGB
COPMON STHREET/SL o SH , SN

SK
XP
Yp
P

T ]

o/

{

ZiK)y XP{ L ),

AP » YP » IP HKUDE)

YHE ROTATED CUBE.
¢ HY o Dg SH,5V
g CX ¢ CY 4 CZ ,

(X - CX ) = SL & (Y ~-CY ) * 5M
CX ¢ SK * ( X - CX )
LY + S = { VvV - LY )
CZ ¢ SK- #% ( 2 -~ CZ )

RETURN

-END

SUBROUTINE THREE2 (XY NeM,H
CRAW THE FIGURE. '

COMMON /THREES/ ANGA ; ANGB
CEMMCN ZTHREETISLSHM SN CXoCYoCZ, Q0,007,450

sY o Ko KODE)

e HY o Dy SH, 3V

CIMENSICN X{2),¥Y{2)oH{100,¥{10},A0151,151}

Ox

+ |

QY o
r - !

67
)

s SO
FON)



A-96

817 CCMVMON ZARRAY/ A
878 INTEGER 4P , COWN 4 PEN 4, P 5 G
8749 INTEGER P1 , PO
C
C
C
80 ENGC = 1.0 /7 16,0 _
C CAN USE 1 / 32 CR 1 /7 6% FOR FINER INTCRPULALIGH
C
C ‘
g€1 Lp = 3
882 DOwWN = 2
883 Sk = HY / {H T 10)-H{ 9) )
884 SY =By 7 LV L 10} -V H{9))
8R5 SH = SIGN{AMINIL{SH,SV),SH)
gae SV = SIGNISH,SV}
887 Mp o= M
888 NK = N
C 08C IF{K-1) 106,126,100
C
€ 3100 IF{K=3) 1110,12051110
C
L ©CRAW LINES ALONG THE Y-AXIS
489 12C CONTINUE
89¢ t = 0O
891 LD = 1
892 LC = 0.5 %= LD
C
893 146 DC 1C60 § = 1, M
894 ¢ =0
895 YJd = J )
856 16C DO 1030 I = 1, NN
C . :
897 L =L ¢ LD
894 I = L
899 CALL THREES ( XD 5¥d s N 3 M, P ,KODE)
9Ce : PEN = ypP
9C1 {F {.P 3 510 , 520 , 530
§02 S1C CONTINUE
9C3 IF { Q@ ) 540 o 550 , 540
8C4 52C CONTINUE .
90s IF { Q@ ) 610 % 1026 , 610
904 530 CCNTINUE ‘
907 IF € ¢ ) 540 , 550 , 540
908 54C CONTIMUE ,
909 PEN = DOWN
91¢ GC TC 170
911 55¢ CONMTINUE
912 IF § I <ED. 1 ) GO TO 170
913 Di = CO
914 S 7C = L - Le
915 ¥ = T0 ¢+ Dt
914 P1 = Q ,
917 560 IF ( ABS( OF ) LT. END ) GO TO 570
918 CALL THREES {T,YJIeN M PU,KDDE]}
919 Cl = D1 # 0.5

920 iF ¢ PO -EQ. € )} GO TO 565



921
922
923
924
925
526
927
928
929
910
931
932
91373
934
935
936
937
938
939
940
941
942
943
944
545
346
$47
948
949
950
951
952
953
954
955
95¢
957
958
959
960
961
962
963
964
965
966
967

9¢&8
69
91C

971

565
57C

58C
59C

60C

€1C

520G

625

&3C
i7cC

ig9cC
200

ic2c
1030

1460
c
c
€1049¢cC

A=-97
TC = T
P1 = PO
T = T -0rI
Gii TG 560
T =T + LI
GO 1O 56C
CONTINUE
T = TC _
IF { PL =P } 170 , 170 ,» 580
CONTINUE
CONTINUE ,
IP = A(L—-LC ) +{T=-L+LODY#={A{LLJ)-A(L=-LD,I))/LD
CALL THREFEA{ T YJsIP XPsHH,VV KODE}
BE = ( { XP-QX)®SM~- {(HH — QY )%SL )} * 5D
vy = { vy - QZ ) % 5D
= f HH — H{9) ) * SH
vv = ( yv - vi9) ) % SY
CaLL PLOY ( HH o VV 4 PEN )
PEN = 5 ~ PEN
GC TO 170
CONTINUE
PEN = TCKWN
DI = 0OC
TG = L - LD
T = 70 + 01!
P1L = Q
IF. ( ARStU 01 ) «LTs END ) GO TO 630
CALL THREES (T,YJyN.M,PO,KODE)
Ol = QI % 0.5
I[IF { PC .EQ. O ) GO TO 625

10 = ¥
P1 = PO
T =T + D1
GC TC &62¢
T = 1 - DI
GO TO &2C
CCNTINUE
T = TC ,
1F | PL * @ ) 600 , 600 , 590
CALL THREEG { XI o YJ 9 AU Ly J ¥y XP , HH VvV LKC({L)
VY = { vv - @7 ) * SO
FH o= { { XP-0Xx)#SM- (HH — QY }=SL } % 5D
HEH = § HH - H{9) } %= SH
VY = { ¥y - vi(9) § * S¥
CALL PLOT HH + V¥V , PEN )
g =P
CONTINUE
L = 4L + LD
LC = -LC
0D =—-Cg
CORYINUEZ
IFIK=3) 2C&C,111Co20¢C



A-98

C
C DRAW LINES ALONG THE X-AX1S.
872 1110 CONTINUE
€

973 L =0

974 L = 1

975 - CC = 0.5 * LD

976 1140 BC 2040 I =1 4 N

977 XI = I

978 ¢ = C

919 1160 NG 2020 J = 1 + MM

980 L =1L + 4D

g YJ = L

987 CALL .THREES (XI4YJyNyM,P,KODE)
983 PEN = UP

984 IF ¢ P ) 1510 , 1520 , 1530

985 151C CONTINUE

984 IF { @ ) 1540 , 1550 , 1540

987 1520  CCNTINUE

988 1IF { 0 ) 1610 , 2010 , 1610

9289 153C CONTINUE

990 IF ( © ) 1540 , 1550 4, 1540

991 1540  CONTINUE -

992 PEN = DOMWN ’

993 GC 7O 1170

994 155¢C CONTINUE

595 IF ( J .FQ. 1 } GO TO 1170

996 . DI = OD

997 o TC=L~LD

998 T = 10 + D1

$99 P1 = Q

1000 1560 IF { ABS{ DI )} .LT. END )} GO 70O 157¢
1cCl CALL THREES {(XI1,T,N,M,P0,KOCE)

1¢C2 0t = CI #* 0.5

1003 IF { PO .EQ. O 1} GO TO 1565 :
10C% YO = T

1CC5 Pl = PO

1006 T = T -Gt

1007 CC TC 1560

1cca 1565 T = T + CI

10C9 GC TC 156G

101¢C 157C  CONTINUE

1611 T = T6C _ .

1052 fF {P1L =P ) 1170 4 1170 , 1580
1013 1580 CONTINUE

1014 - 1590 CONTINUE

1015 IP=A{I,L-LD) + (T-L+LD) #* (A{I,L) — A(I,L-LD))/LD
1CLe - CALL THREESG ( XI o T 5 2P o XPyHH,VV ,KCOE)
1017 FH o= [ ( XP-QX)&SM=— (HH —.QY J}%SL )} % SD
1018 VW = ( ¥V - @7 )} %= SD

1019 FH = { HH = H{9) ) * SH

1020 VW = { V¥ - V{9} ) % SV

1621 CALL PLOT { HH , VV , PEN )

1022 1600 PEN = & ~ PEN

1023 CO TC 1170

1024 1610 CONTENUE

1025 PEN = DOWW



1024
1021
i1¢28
1029
1330

1031
1C32
1C23
1034
1€3%
1C36
1037
1034
1C39
1C40

1041 -

1C42
1043
1044
1045

1046

1047
1048
1649
1C50

1051
1052
1C573
1054

€55

1056
1657

1658

1059
1C46C
1061
1C&2
10463
1064
10&5
1066
1067
1668
1069
1c70
1071
1C72

10?3

1C74
1675

10786

o

C

A-99

1KUGT)

0l = CD
0 = L - LC
T = T0 + CI
PL = ¢
162C §F ( ABSt OI ) .LT. END ) GO TO 1630
CAtL THREES (XIsT«N,M,P0,KODE)
DI = DI * 0.5
IF ( PC .EQ. C ) GO TO 1625
TC = ¥
Pl = PC
T =T + O]
GU YO 1e2¢0
162 T =1 - C1
. GO TC 1620
163C CONTINUE
I = TC
[F ( P1 *# ¢ ) 1600 4 1600 , 1590
117C CALL THREE4 ( XIy YJe Al I, L )y XP , HH ,VV
FE = { { XP-QX)#*SM= (HH - @Y )*SL )} % sD
YV = { W - €7 } % SO
118¢ HH = { HH — H(9) )} % SH
119¢C VWV = [ ¥V - v(g) )} & SV
CALL PLOT ¢ HH , V¥V , PEN )
201C € = ¢
2C2C  CONTINUE
L =L + LC
L = - LD
00 =-DO
2040 CONTINUE
REPRODUCIBIL 1y
2C06C CONTINUE OF TH1
ORIGINAL PAGE s POOR
2130 RETURN
END
SURROUTINE THREES (XI,YJ2sM,N,P,KOOE)
SEE IF A POINT 1S VISIBLE.

I

CIMENSICN Z(151,151)

COMMON /THREESH/ ANGA , ANGB

+ HY o Dy SH,S

v

COMMON /THREET/SL ¢ SMoSN,CX4CY,CZLoQX:CQY,Q2,50D

CCMMCN FARRAY/ 7

INTEGER CUM , CNT 4 P
REAL T » J + 11 » JJ
IF{ KODE .EQ. 1} GO TO 78

IR = X{
JC = ¥J

kB =72 U IR 4 JC }

F{ XI .EQ. IR } GO
7g = Z(IR 4JC § + { X[ -

GO 10 4

IF { Y3 JEQ. JC )

e = Z{IR ,

CONTINUE

XEND = C.C

X = 0.C

TO 2
IR} & (Z(ER + 1 ,

GG TG 4

JC) + IYI-JCIRMZ(IR,IC¢1) - ZUIR,JC

JC ) - 21 IR LU
[

1)

r
L]

})



A-100

1077 YMULT = C.C :

1078 IMULT = G.0 '

ic79 IF (X1 .EC.  CX ) GO TO 1lu
10E0 YMLULT = (YJ = CY ) /7 (X1 - CX )
1¢81 IMULT = ¢ ZB - C2 ) / ( XI - €X }
1082 CX = 1.0

183 XEND = M + 1 .
1084 [F [ XI .LT. CX) GO TO 10
L0855 Cx = -1.¢

1086 XEND = C.Q

1087 1C CONTINUE

1088 YEND = (.0

1089 DY = 0.0 _

109C XNULT = 0.0

1091 iF ( Yo .EQ. CY 1} GO TO 20
1092 XMULT = ( XTI = CX ) /2 {(Y) - CY )
1093 IF { ZMULT .EQ. 0.0 ) ZIMULT=(Z2B - CZ ) /7 C YJ - €Y }
1094 CY = 1.0 - :

1095 YEND = N +' 1

10696 ‘ IfF { Y3 .LT. CY ) GO 7O 20
1667 . CY = =1.0

1098 : YEND = C.C

1099 20 CCNTINUT

1ice cur¥ = @

11C1 CNT = C

11¢2 P = Q

1103 XP = XI

1104 YR = YJ

11€5 3¢ CONTINUE :

1106 IT = AINT( XB )

1107 JJ = AINTL Y& ).

11Cé& ASTLEP = DX

11€9 YSTEP = DY

1110 IF { XB  .EC. I1 } GO TO 40
111It IF { DX  .LY¥. 0.0 ) XSTEP = 0.0
1112 GG TG 45

1113 40 IF { YH LEQ. JJ ) GO TO 45
1114 IF { DY .LT. 0.0 ) VYSTEP = 0.0
1115 4% CONTINUE

1116 I = II + XSTEP

1117 J = JJ + YSTEP

1118 IF { I +EQ. XEND ) GO TU 80
1119 _ IF { J .EQ. YEND )} GO TO 80
112¢C A8 = CX + XMULT * { J - CY )
1121 Y8 = CY ¢+ YMULT % { | - CX )
1122 IF { CX .LT. 0.0 ) GO TO 55
1123 [F { X8 .LT. I Y GO 70 &0
1124 5C X@ = I ‘

1125 GC TC 65

1126 55 [F ( XB .LT. 1 ) GO TO S50
1127 6C YB = J ' -

1128 6% CCONTINUE

1129 IR = CZ + ZMULYT % § X8 - CX }
113G [R = 1

1131 Jo = J

1132 _ IF ¢

YB .NE. J } GO TO 70

1133 “ICX I - 0X



1134
1135
1136
1137
1138

139
»140Q
1141
1142
1143
L144
1145
L1446
1147
1148
1149
115¢C
1151
1152
1153
1154
1155
1156
1157

15548

1159
1160
1161

ic

sBeEziziaEnisEeEnEuinlsleEaNa e EsEnlaEaEnleNaReNe Rl

13

A-101

IS = Z0 IR, JC } =~ DX = { XB = 1 } * (Z(IDX,JC) - 7UIR,IC))
CC TC 75

JOY=J-DY :

IS = 2{ IR.JdC ) - DY = { ¥YB—J ) * {(Z{ [RLJDY ) - Z( 1R.J0 V)
CONTINUE

SGN = 1 .
IF { ZIB  LT. 125 ) S5GN = -1
Cu¥ = CLUM + SGN
CNT = CNT + 1
IF ( IABS ( CUM) .EQe CNT ) GO TO 30
GC 10 9¢ \
P=1 _
GG TG0 95
CONTINUE
P =1
IF { CUM ) B4 , 86 5 90
p = -1
GG TO 9C
CCHT INUE
IF | ZIB .lE. C€Z } GO TO 90.

P = -1

CONT INUE

RETURN
ENC

FUNCTION PAT{U,.V,ITYPE)
THIS SUBPROGRAM GIVES THE BASIC CORRECTION PATTIRN FlUsV).
FTYPE = —— UNIFORM LINE SOURCE LCCATED Al S=0.
~~ UNIFORM LINEAR ARRAY LDOCATED AT S=(.
-— TRTIANGULAR LINE SOURCE LOCATEC AT u=0.
UNIFORM RECTANGULAR APERTURE.
—-=  UNIFORM RECTANGULAR ARRAY.

== UNIFORM CIRCULAR APERTURL.
-— GENERALARRAY.

- O AR B N e
|
1

[TYPE > 7 —- SPECIAL SOURCE (FUNCTION SPECET(U,V,T¥YPE)
8E CALLED.
VERSICN §  LEVEL 1

OATE CF LAST REVISIGN: AUGUST 29, 1973.

THIS WORK SUPPORYED BY MASA GRANT NGR 47-C04-103

FCR FURTHER INFORMATION CONTACT:
Woelo STUTIMAN DEPT. OF ELEC. ENGR. 951-6624.
EelLo COFFEY DEPT. OF ELLC. ENGR. 9%1-5494

COMPLEX TEMPCEXPIMAG ‘
COMMEN /PAT 1/ P1oP2:P3yP&yPS5yP6yPI,SSE100,ITLICU) yRROIGON
COPMON /PATZ2/7 11:12,03,14,15

wli L




1562
1163

Tie4
11¢5

11¢é46

L1€7
11e8
11€9

fLtio

171

1172
1173
1174

1175
1176
V117
1178

11179

1180
1181
1182
LL83
1184
L1€5
1188
1287
11€3
1189
119C
1191
'EQZ

[a N NeNeNe leNaRe

Y O O MmO OO

OO O,

oy

A=-102

C IF{ITYPELGT. ?l GO YO 990

1C

100

20¢

300

40C

401
403

404

4C2
40%

40¢

60 70 (1CC,2CC,300,400,500,400, ?GOI,[TYPE
[TYPE JLT. 1

WRITE{(6,1C) ITYPE

FORMATIIHC , S X ¢ " ¥ SXERROR% %% ITYPE HAS THE VALLE ", 114"

$*EXECUTICN TERMINATED')'
STCP

ITYP: = 1 -- UNIFORM LINE SOURCE.

FLEN=P]

COMNTINUE

PAT=1.0 - ‘

IF(V.NE.C.) PAT=SIN(PI®PLI*V) /(PI%P1%2V)
GC 70 999

ITYPE = 2 —- UNIFORM LINEAR ARRAY

CONTINUE

FLEN=P}

NELMT=11

PAT=1.0

IF{VaNE.C.) PAT= SIN(PI*PI*V!/(Il*S[N(P[*Pl*V/Il})
GC TO $SSS

ITYPE = 3 =~ TRIANGULAR LINE SOURCE.

FLERN=PL/2.

PAT=1«C

[F{VoNEC. ) PAT = {SIN(FLEN®PIZV)/{FLENSPI&V) )&
GC TOQ 999

[TYPE = 4 —- UNIFUORM RECTANGULAR APERTURE

CONTINUL

FLS=pP1

FLI=PZ

ARG1=PI%PLl#U
ARG2=Pi%pP23y
IF{ARGY)Y 4C1.,4C2.401
[F{ARG2} 403,404,403
PBT=SIN{ARGL1)/ARGLI=*SINIARG2} /ARG2
GO TO 99%
PAT=SIN{ARG1)/ARG1
GCC TO 999

IFLARG2) 4C5,406,405
PAT=SIN{ARG2)/ARG?
G0 70 999

PAT=1.0

G0 TO 999

IV 2K,




1193

1194
1195
1196
1187
1198
1199
12CC
12C1
1202
12C3
12C4
1205
12C6

1207

1a2ce
12C9
1210
1211
1212
1213
1214

. 1215

1216
1217
1218
1219

1220

1221
1222
1223
i224
1225

1226

R EwNe]

5CC

e NeNaleal

IzsNeNeaNel

sNeEaNg]
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ITYPE = 5 == UNIFORM RECTANGULAR ARRAY

CONTINUE
FLS=P1
FLT=P2
NELS=]1
NELT=12
ARG1=PI*P1%U

- ARG2=PI*P2%V

6CGC

601

7CC

TC1

59¢C
§495

IF(ARGL) 501,502,501

[F{ARG2) 503,504,503
PAT=SIN{ARGLI/Z{L1%SIN(ARGL/IL)I®SINCARG2) /1 12%518C0ARG2/12)}
GO 71O 999
PAT=SIN{ARGL)/{I1*SIN{ARG1/1I1))
GO 710 999 '
IF{ARG2) 50545064505
PAT=5IN(ARG2)/{I2*SINLARG2/12))
GO TO 99¢

PAT=1.0

GO TO 999

ITYPE = 6 -- UNIFORM CIRCULAR APERTURE.

C=SQRT{UzU+V=Y)

A=P]

[F{C.EC.0.) GC TO 601

H=2 . %P %P 1%L

CALL BESJI{X,148J,0.0001,1ER)
PAT=8J/X%2.0

GO TO 995

PAT=1.C

GC TO 999.

ITYPE = 7 =~ GENERAL ARRAY

[MAG={0.0451.0)
NELMT=F1%]2
TEMP=(0.0,0.0)

OC 701 J=1,NEL®T
TEMP=TERP4+1.CxCEXP{IMAGR 2. #P I+ (UXSSI{J)+V2TT{I) 1))
CONTINUE
PAT=REAL(TEMPI/NELMT
GC 70O 939
PAT=SPECPT(U;V;ITYPE}
RETURN

ENC

CORPLEX FUNCTICR SOURCE(MN,UsVY,ITYPE)

THES SUBPRCGRAM CALCULATES THE CURRENT AT POUINT (M,N) DuUs

THE PATTERN AT POINT (U.wl.

Tr



L2271

1228

1229

122C
1231
1232
1233

1234
1235

1236

1237

1238
1239

1240

1241
1242

OO OO oo O Om

eRe Nyl

[4p] OO0 ] OO0

e EnNalRel

1¢

icc

200
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—— UNIFORM LINE SOURCE LCCATID ‘AT 4=0.

-~ UNIFGRM LINEAR ARRAY LOCATED AT 5=i.
==  TRIANGULAR LINE SGURCE LGCATED AT S=0.
UNIFORM RECTANGULAR APERTUR. -

-- UNIFORM RECTANGULAR ARRAY.

—-— UNIFORM CIRCULAR APERTURE.

-- GENERAL {3-D) ARRAY.

1TYPE =

-~ O T D o P
b
I

ITYPE > 7 -- SPECIAL SCOURCE (FUNCTION SPSCRIMyNy,Usd, ITYDL)

WILL BE CALLED.)
VERSICN 1 LEVEL G-
DATE GF LAST REVISION: 737166 JUNE 15,1973
THIS WORK SUPPORTED BY NASA GRANT NGR 47-C04-1C3.
FOR FURTHER [NFORMATION CONTACT: :
%o Le STUTZMAN DEPT. DF ELEC. CNGR. 951-6624.
Ec Ln COFFEY DEPTo UF ELEC@ ENGR¢ 951'—5494.
CCMPLEX TEMP,CEXP, IMAG,SPSOR
COMMON /PATLZ PlyP2o¢P34P4yPS5,P6,PL,SSI100),TT{LOG)RRULGO)
COMMON /PAT2/ 11.12,13,14,15
KMﬂG=10°C.1u0!
CALL LCCSOR{M,N,S.T)
IF(ITYPELGT.T7) GO TGO 990
GC TO {(100,200,300,400,500,600,700),ITYPE
ITYPE LT 1

WRITE(6.10) ITYPE

FORMAT({LHC ;5 X, 9%t RRORHSE ITYPE HAS THE VALUE *,111,%2%,4X,

$OEXFCUTICN TERMINATED}

STCP
ITYPE = 1 - UUNIFORM LINE SOURCE

COMTINUE

FLEN=P} :

SOURCE=CEXP[~TMAGHPI®2.2T2VY L /PL

GG TOQ 98S
ITVYPE = 2 - UNIFORM LIMFAR ARRAY

CONMTINUE

FLEN=PL

SDURCE=CEKPE*IMAG&2°¢PI*V¢1D/Pl

GO 70 999 .
ITYPE= 3 —- TRIANGULAR L INE SOURCE

| OF THE
pCBILITY

e e



1243

1244
1245
1246
1247
1248
1249
125¢
1251
1252

1253

1254

1255 -

1256
1257

1254
1259
12¢0C
1261
1282
1263

L264%
12&5
1266
L2¢&7
1268
1269

1270
1271

OO [ e NeNake O OO O

[

OO nD

N e

3CC

400

5CC

70G

990
599
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CONTENUL

FLEN=P1

CON=ABS{Z2.%7/P1}

SCURCE=2./P1%CEXP(-IMAG#2 ,#PI*T#V}*(1.~-CON)
IF(CON.GTL. 1} SCOURCE=(0.0,0.0)

cC TO 9499

1TYPE = 4 -—— UNIFORM RECTANGULAR APERTURE

CCNTINUE

FLS=P1

FLT=P2
SOURCE=CEXP{-TMAGH2 . %P % (S2UsVET )}/ (PL%P2)
GO 7O 999

ITYPE = 5 -- UNIFORM RECTANGULAR ARRAY

CONTINUE

FLS=P1

FLT=P2 |
SOURCE=CEXP (- [MAG*2.%PT# (S¥U+VET) )/ (P1¥P2)
60 TO 999

ITYPE = 6 -— UNIFORM CIRCULAR APERTURE

RHC=SCRT{S*S+T2T)

A=P1

SCURCE={0.,0,0.0)

IF{RHCoLE-PL) SOURCE=CEXP(~IMAGE2.%PIx(S*U+TAV) )/ (L. 5PI#P1%+2)
GO TO $99

ITYPE = 7 -~ GENERAL ARRAY.
CONT INUE :
SCURCE=CEXPL~IMAGRZ . %P I {USS+y=T I}/ {11%[2)
GO TO 999
SOURCE=SPSCR{M N, Us ¥ ITYPED
RETURN
END

SUBROLTINE LOCSOR(MN,S,T) .

INTEGER PX.PY

REAL INTIVLS,ENITLT

COMMOM FPATLF PLoP2oP3 PGPS PHE,PLSSTL00), TTILAOY, 1 (100)
CGPHUN FPAT27 T1,12+413:0%415

COMMON /fLOCY ETYPE

IF{1TYPELGT-T7} GO TO 99¢C
GO 70 {100,700,300,400,500,600,700), ITYPE



1272
1213

1274
1275

1276
1277
1278

1279

128¢C
1281
1282
1283

L284%

1285

1286
1287
1288

1289

1290
129t
1292
1293
1294

1295

1296
1297
1298
1299
13CC

aNe

e N aNele

[a Nl

(e T B4

1C

1CC

2CC

3C¢C

40C

5GC

&6CC

70C
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WRITE(6,10) ETYPE
FORMATULHC ;5 Xy ? ¥ 8 *ERROR % %%
$8EXECUTICN TERMINATED®)
STCP

CCNT INUE
INITLT=P]
CELTAYT=P3
5=C.
T=P24(N-1)%*P3
G0 TO 999

CONTINUE

PY=11

CISY=P2

S§=C.

T=i{N~-11/2-1)%P2
FF(11/222.EQ.[1) T=T+0.5%P2
GO T4 999

GC TC 100G

CONT InNUE
INTTLS=P3
INITLT=P&.
CELTAS=PS
CELTAT=P&
S=P3¢(M-1)*P5
T=P42(N-1)2P¢&
GG T0 999

CONT INUE

Pr=11

pY=12

CIsxX=pP3

EISY=P%

S={M-J1/2-1)4%P3
T=(N=-1272-1) %P4 .
IF{EL/2%2.EQ.11) S$5=540-5%P3
[FLE2/72%2.EQ.12) T=T+0.5%P4
G0 70 999

GO T0 aCg

CChNTENUE
NELMT=(M-1D=T2+N
S=SS{NELMT}
T=FTI{NELFT)

GO TO 999

[ITYPE HAS THE VALUL "5 0lLLye"3%,2X%9



13C1
13C2
1303

1304
13C%
12C6
1307
1308
13C9

131¢C
13il

1312

1313

1314

@)
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G9C CALL SPLCC{M4N,5,T)
GGS RETURN

ENE

COMPLEX FUNCTIGN SPSOR(MyNyU,VoITYPE)
CUFMY SUBPROGRAM

SPSOR=(0.0,0.0)

RETURN

ENC

FUNCTION SPECPT{U.V.ITYPE)
CUMMY SUBPROGRAM

SPECPT=C.

RETURN

ENC

SUBRUUTENE SPLOCIM NS, T)
DUMMY SURROUTINE

RETURN

LN
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8. Appendix: Example of Input/Output Used With Computer

Antenna Synthesis

In this chapter one example will be used to illustrate the input and
_output of ANTSYN and ANTDATA. The pattern to be synthesized‘is a rectangular

shaped beam of extent

(u.v) Fd(u,v). Fu(u,v) FL(u,v)
-0.2 0. 0. dB 0.5dB  -0.5 dB
0 : _

Zu < 0.2
-0.05 < v £ 0.05
and a maximum sidelobe level of -25 dB. The source is a rectangular aperture

(ITYPE=4) 10X by 20A.

8.1 TInput to ANTSYN
Since a rectangular aperture is included in our typeé of patterns
(ITYPE=4) it is only necessary to include "dummy" subprograms for SINPUT,

SPECPT, SPSOR, and SPLOC;

- SUBROUTINE SINPUT
RETURN
END

SUBROUTINE SPLOC
RETURN
END

FUNCTION SPECPT(U,V,ITYPE)
'SPECPT=0,

RETUR

END

COMPLEX FUNCTION SPSOR(M,N,S,T,ITYPE)
SPSOR=(0.,0.) : -
RETURN N

END

For this particular desired pattern, subroutine DESPAT is written as follows:
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SUBROUTINE DESPAT (FDES,FU,FL, MMAX NMAX STARTU STARTV DELTAU,
SDELTAV) :
DIMENSION FDES (51, 51) FU(51,51),FL(51, 51)

g READ MAINBEAM LIMITS ULIM AND VLIM
5 READ(5,1) ULIM,VLIM
1 FORMAT(8F10.0)
g | READ TRANSITION REGION LIMITS UTRAN AND VTRAN
- READ(5,1) UTRAN,VTRAN
c

DO 10 M=1,MMAX
U=STARTU+ (M-1) *DELTAU
DO 10 N=1,NMAX
V=STARTV+(N-1)*DELTAV - - '
IF(U,LE,ULIM .AND. V.LE.VLIM) GO TO 20
IF(U.GT.UTRAN .0R, V,GT. VTRAN) GO TO 30
C TRANSITION REGION
FDES(M,N)=99.0 '
FU(M,N)=99,0 _
FL (M,N)=99.0 o : : o - ) S
GO TO 10 ‘ ' ' ' -
© 20 CONTINUE '
c MAIN BEAM REGION
FDES (M, N)=1.0
FU(M,N)=1.,06
FL(M,N)=0,943
GO TO 10
30 CONTINUE
C SIDELOBE REGION
FDES (M, N)=0.
FU(M,N)=0.057
FL(M,N)=99.0
10 CONTINUE

RETURN
END

‘The value "99,0" in an .array signals that a comparison is not to be made
at that -point {(e.g., in the sidelobe region, FL( , ) = 99.0 since a lower

bound is not specified),
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The data cards for this example are:

pt=div s NI e R, RN B WL R

Card Column

1 11 21 31 41 . 51 6l
S L b 'r } prmmemt
&PARAM

IDISK=1, ISYMM=3 ,DELTAU=0.02,DELTAV=0. oL MMAX—26 WMAX=51,

&END

&IPRINT

FDESCN=1,FDBPR=1,FDBCN=1,FCURPR=1,

&END

&PATIN

ITYPF=4,LX=10.,L¥= 20,, .
INITLS-—S 0 DELTAS 0.2,FINALS=5.0,
INITLT=-10. D ;DELTAT=0,. 4 ,FINALT=10, 0

&END

0.2 0,05

0.34 0.12

00015

0.0 0.0 1.0 .
0.0 0.05 1.0
0.0 -0.05 1.0
0.1 0.0 1.0
-0.1 0.0 1.0
0.1 0.05 1.0
0.1 ~0.05 1.0
-0.1 0.05 1.0
-0.1 -0,05 1.0
0.2 0.05 1.0
0.2 - -0.05" 1.0 |
~-0.2 0.05 " 1.0
-0,2 -0,05 1.0
0.2 0.0 1.0
-0.2 0.0 1.0

Notice that it is not necessary to code all the namelist variables. For

example,

we want).

STARTU is not coded because its default wvalue is 0, (which is what

In order to better understand why certain parameters were coded,

refer to section 6.3 to steps 2 through 10 as they are discussed below.

Step 2.
i.

ii.
iii.
iv.

Cards 1 to. 3: Pattern Parameters

Put output data onto unit 22 if the synthesis is successful (IDISK=1)
Use quadrilateral symmetry (ISYMM=3)

Have a maximum of 100 iteratiomns (ITRMAX-lOO)

STARTU=STARTV=0., DELTAU=0.02,DELTAV=0.01
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v, Make the comparisons at 26 points in the u dlrectlon and 51 p01nts
in the v direction (MMAX=26,NMAX=51) '
vi. Assure that F(l 1)=0 dB. at all times (MCENT=1,NCENT=1)

Note that F(MMAX,NMAX) corresponds to (u,v)= (0 5 0 5). only part of the
(u,v) plane is considered. ‘

Step 3. Cards 4 to 6% Output Switches
i, Profiles of the final pattern and final current (FDBPR—FCURPR—I)
ii, Contour maps of the desired pattern (FDESCN—l) and final current
(FCURCN=1) are to be made

Step 4, Cards 7 to 1l: Source Specifications
i, Rectangular aperture (ITYPE=4) -
ii. Dimensions of 10% by 20X (LX=10,,LY=20.)
iii, The value of current will be calculated at 51 x 51 points from
= -5.0 to 5.0 by 0.2, and t = -10.0 to 10.0 by 0.4, :
(INITLS—-S.,FINALS—S.,DELTAS—O 2; INITLT=—10.,FINALT—lO.,DELTAT =0, 4)

Step 5. Cards 12 to 13: The Desired Pattern
. For a more complete explanation, see the listing of subroutlne DESPAT
earlier in this sectien.

Step 6. Cards 14, 15 to 29:; Initial Pattern
These are the number of (NORG) and the values of (UORG,VORG,CORG)
the original correction coefficients. . o .
: - ; , ;

' . Steps 7,8,9. See subroutines SINPUT,SPLOC,SPECPT,SPSOR.

8.2 Output from ANTSYN

This sectiom is deﬁoted.to the‘actﬁél‘éﬁtput'from the computer program
ANTSYN with data as speéified in Sectioﬁ.s.l.. ﬁue'to page size limitations,
some of the output has been edited. The omissions afe indicated by an

ellipsis(...).
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a4

ANTENNA SYNTHESIS PRAGRAM  VERSION 3. LEVEL Il;' vP1 EE DEPT.

VST SN N

DATE = 09-25-73. TIME= 5.30.40 . - :PATTERN 77
T, oo S

s P L T

PROGRAM P

ARAMETERS ,

*

IDYIEK i . © STARTU : 0.0: B Lo . MMAX

= = = 26
ISYMM = 3 ? STARTV = g‘.o . - - NMAX = 51
ITRMAX = 200 OFLTAU = 0.020 : - MCENT = 1
DELTAV = ‘0w0lG ~ ~  NCENT = 1
— “-:_,'S?éf"w" G ae e

o ECURPT
: ECURCHN
0  FCURPR

I . ICURCN
I ICURPR

0 FDBPT
0 FDBCN
‘© -~ FDBPR

0 FORGPT
FORGCN
0 “FORGPR

FOFSPT
FDESCN
FDESPR

[T
woin
o

L T

"nu n
]

UNIFORM RECTANGULAR APERTURE

TTyPEss -
 DIMENSIONS = LXsLY = 1050000 5 20.0000
'INITLS,DELTAs.FtNA;s:f-Qﬁzéobo © 0.2000  5.0000
'INITLTyDELTAfyFiNALitj-1029000 0.4000 10,0000

MCUR,NCUR: 5! 51

- REPRODUCIBILITY (3¢

THE
ORIGINAL PAGE I POOR”

moun

- D
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~0.6000000€ 00 TO —0.3999900E 00 = 4

~0.,2000000E 00 TO (0.1C00000E=-04 -1
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+ | o
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—0.9384T81E=-02"
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~0.9939682E~02
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0.1307478E~01
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0.4259761E-01

0.5695011E-01

| 0.,6967366E-01
0.80063456E-01

0«BT6B129F~01

0.9230632E-01

0.9385431E~01
0.9230632E=01
0.8768129E—-01
0.8006346E-01
0.696739CE-01
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—049939581E~02

—-0.167T7619E-CL

=0.2009305£-01

~0+2019734E-01
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0.570083BE~02
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T AXIS PROFILE
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=0.0000
=0 -0000
=0.0000
=0.0000
-0.000C0
=0.00060
~0.,0000
~-0.0000
~-0.0700
~0.0000
=0.,0000
=-0.0000
~3.0000
-0.0000
~-0.0000
=0 0000
~0. 0000
~0.0G00
~0.0000
~0.0000
-0.0000
~0.0000
—=0.0000
=-0.0000
=-0,0000
~0.0000
-0.0000C
_000000
~0.0800

- ~0.0000
- =0.0000

=0.0000
~0 0000
—~0.0000
-000000
-0 0000
—090000
-{.0000
=0.0000
~0.0000
~0. 0000
- =0,0000
-0.0000
-0.0000
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OF FINAL CURRENT

T

~10.0000 -

-9.2000

~8.83000

-8 -4000
—8,0000
-7.,6000
~T.2000
-6,.,8000

~& 20000
-5,5000
-5,2000
—& 8000
—4.4000
-4 ,0000

"3 b 000 ’
-3.2000

=2+8000
=2.4000
-2 .0000

=1.6000
=1.2000

=0.8000
~-0.0000

0.4000.
0.8000-

1.2000
1.6000
2.0000
2.4000
2 .8000
3.2000
3.6000

4.0000 -

4.4000

4.8000
5.2000

5.6000
6.0000
6.+4000
6.8000
7.2000
7.6000
8.0000
B .4 000
8.8000
9.2000
9.6000

10.0000

REAL

-0, 2455123E~01

- <0 1838829E~01

. =041313753E-01
| —0.9560350E~02
| =0.7850584E~02
=0.T76T2068E~02

-0.8307T122E~02

- =0.8870248E-02
- =048532621E-02

- =0=6TO0BBBE~Q2 .

—0 3115309E-~02

0214 T641E-02
0.8754689E~02 -

0.1624599E-01
0.241F203E-01
043219855E-01
0.4015272E-01
0.4800258E=01
0.5578430E-01
0.6350TT4E=01
0.7107019E~01

0.7821018E-01

0+8452117E-01
0.8951896E~01
0:92740T1E-0OL

. 0,9385431E~01
0.9274071E-01

0.8951896E~01-

0.8452106E~01

T 0,.,782Y023E-01

 0:4B00263E~01

0.7107037E~C1

0.,6350780E~-01

0.5578437E-01

" 0.4015278E~C1

- 0+3219860E~01

0.24}Y7206E-01

0.1624606E-01
0.8754738E-02

0421476 41E=02

-0.3115296E-02

© =0.6TO0821E~-02

-0.8532569E~02

- ~D,.88701B8E=02

~0.8307122E~02

- =0:T6T2135E~02

~0.7850584E~02

—0.9560246E~02

-0.1313743E-01

--0,1838810E-01

77 HAS BEEN STORED ON RECORD

-0.2455102E~01

IMAGINARY

0.4423TE2E-08
0.2793968E~018
0e3725290F-047
0.51222T4FE-08
0.1396984E~G8

 0e1396904E-0R

0.1396984E-08

 0.3492460E~08

0.3C26798E~08
0.3026798E~08
0.1862645E-08
-0.1164153E-08
0.1396984E~0R
-0.1164153E-0¢
0.9313226E-09
0.1862645E~08
0.2328306E~08
0.279396RE-08
-0.2328306E-00
0.1629815E~08
-0.2328306E-09
~0.1629815E-0°7
0.5820766E-10
-0.1600711E-0%
~0.4656613E-09
~0.710542TE~14
0.71304 38F-09
~0.8731149E-10
~0.8731149€-10
0.0 )
0.2095476E-08
0.6984919E-00
~041396984E~08
—-0.1396984E-08
—-0.3026T9BE~O8
-0.1862645E-08
-0.1862645E-08
0.2328306E~09

 =0.1396984E-08

0«1164153E-08
—0.1862645E-08
=~0.30267T98E~08
~0.,3026TIBE-OR
—0.2561137FK-08

0.2328306E~09
~0.3492460E~08

0.232E8306E-09
~0e4423T82E-08
=~0.3725290E-08
~0,44237T82€E-08
-0.1862645E-08

20 0OF ANTDATA.AS07TC2
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8.3 Imput to ANTDATA

Referring to Section 7.3, the following cards were punched.

Card Column

1 11 21
I

1 0007700020
2 0015100151
3 11t
4 0.0
5 0.0
6 -35.0 ~35.0
7 -30.0 0,0 - 5.0
8 0000
9 . 0000

Step Card Description

1 1 NUMPAT=77 ,NUMTRR=20

2 2 Array dimensions are 151 x 151

5 3 All options for pattern magnitude are specified

6 4 U~-profile location is 0, (V=0)

7 5 -V-profile location is 0, (U=0)

8 6 LOWCON=~35,0,DASH=-35,0 _

9 7 CONLOW=-40,0, COMMAX=0. 0, CONINT=5,0

10 8 No options for current magnitude are specified

15 9 No options for current phase are specified

8.4 Output from ANTDATA

The following is the printout from computer program ANTDATA,

pLOT CUTPUT FCR PATTERN 77
U-AXIS PROFILE PLCT REQUESTED —-- v=0.
V-AXIS PROFILE PLOT REQUESTED -- U=0.
CONTOUR PLOT OF PATTERN REQUESTED.
LOWEST CONTOUR = =300
HIGHEST CONTOUR ?;='o;o_
CONTOUR INTERVAL = $.0 o o
PATTERN 1S NOW BEING GENERATED. [F PATTERN < =-35.C0 PATTERN = -35.00
THREE — CIMENSIONAL PLOT OF PATTERN REQUESTED |

EXECUTION TIME: 27.57 MINUTES.



A-124

Refer to Chapter 4 for plotter output.

Figure. . Description
4,26 U-axis profile
4,27 ' V-axis profile
4,28 Contour plot

4.29 ' Three-dimensional plot



